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EPA Science Advisory Board Draft Report: Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific evidence





Responses to Charge Questions





Dr. Allison Aldous


December 9, 2013





Overall Clarity and Technical Accuracy of the Draft Report





1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.





This technical document is a well-researched, well-organized, clearly-written, and thorough summary of the peer-reviewed literature documenting the biological and physical connections among certain types of streams and wetlands, and their associated downstream water bodies. Overall, the synthesis of this body of information is technically accurate, and the majority of my comments are minor corrections, additions, or clarifications. Major comments are found at the beginning of each section.





For each type of water body under consideration, first the relevant literature quantifying connectivity is reviewed and then an assessment is made whether the amount of scientific evidence is adequate to conclude those water bodies are significantly connected to one another. There is some lack of clarity on how that decision was made.





Following the well-established concepts of watershed science described in Section 3, all aspects of a watershed are connected to one another via multiple pathways, to varying degrees. The question being answered appears to be how many studies have been done to quantify those pathways of connectivity. The amount of research is related to how easy it is to study a certain ecosystem or process, in terms of available methods and geographic scope and access. For example, direct river-floodplain connections are easier to study with available methods than the cumulative water budget effects of hydrologic changes to small dispersed wetlands across an ecoregion. Therefore this part of the assessment is troublesome because the decision of significant connection (or not) is somewhat arbitrary.





Additional clarification is needed on how the decision was made that some types of wetlands were found to have significant connections to downstream waters, and others were not. For example, the wetlands for which the authors expressed the greatest uncertainty were unidirectional wetlands with no surface water connection to downstream water bodies (Section 5.4). In case studies, they concluded that there was adequate evidence for the relatively well- studied prairie potholes but not enough evidence for the less well-studied Delmarva & Carolina Bays, despite many hydrologic similarities between them. The same conclusion could have been drawn for vernal pools had it not been for the detailed studies by Rains et al. (2006; 2008). Moreover, no research is described that concludes no connectivity between wetlands and downstream waters.











Conceptual  Framework: An Integrated, Systems Perspective of Watershed Structure and


Function





2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report.





Major Comments.


The conceptual model presented in this chapter uses the watershed as the unit for analysis of connectivity among water bodies. This is an appropriate and useful scale of analysis, and one under which flow systems of different scales can be nested. Within the watershed unit, the types and relationships of water bodies are accurately and clearly described, with some exceptions described below, as are the ways in which water bodies are connected to one another and to downstream waters.





An important exception to the watershed concept is that groundwater catchments don’t necessarily coincide with surface water catchments, particularly in areas with low relief. This is because surface waters move along topographic gradients, whereas groundwater flows along head gradients due to differences in aquifer characteristics. This exception is more important for regional confined aquifers than the surficial unconfined aquifers considered in this report, but it should be noted regardless in the section on groundwater (p.3-9 to 3-12).





Figure 3-5 (p. 3-11), illustrating the relationships between shallow groundwater flowpaths and rivers and wetlands, is not accurate and a number of corrections need to be made.





1.  The water table should be sloped, not flat


a.   A water table is rarely flat in a landscape with as much topography as is pictured here. The main intermediate or regional flowlines shown between the confining layers show deeper groundwater flow from left to right, which could not be driven by a flat water table.


b.  Unless there are unusual geologic features, the water table of the unconfined aquifer should be a subdued replica of topography. For example, the water table should be slightly higher under the hills.


c.   The water table should slope towards the gaining stream on the right, or else there is no hydraulic head gradient to drive groundwater flow to that stream. The alternative would be a geologic structure providing artesian conditions in proximity to the channel.





2.  The flowline that is shown moving as an arc up and over the local confining layer in the upper left is not correct. Instead, a flowline showing precipitation should move through the unsaturated zone above the confining layer. That water will either flow around the confining layer to the left, and continue to move through the unsaturated zone until it hits the water table, or it will discharge to the surface along the slope in the area indicated as a spring.


3.  The flowline showing a spring discharging directly from the confining layer should be drawn above the confining layer.


4.  Groundwater flowpaths should not turn at nearly right angles as shown for the flowpaths


on the left side of the diagram.


5.  This diagram could have been drawn to include a wetland that has developed at a point of shallow groundwater discharge (e.g. a sloping fen). This kind of wetland would develop where the water table is close to and intersects the ground surface, such as at a break in slope along one of the hillsides. This hydrogeologic cross-section is a good opportunity to illustrate the ways that shallow groundwater connects unidirectional wetlands to streams, as discussed in section 5.4.2.








Figure 3-15 on p. 3-34 and accompanying text on p. 3-40 do not adequately describe the role of groundwater in streamflow.





1.  The figure caption defines runoff as “…the difference between precipitation and evapotranspiration at the watershed scale”. This definition ignores the role of groundwater recharge, which accounts for some of the deposited precipitation, as well as groundwater discharge to streams, which accounts for baseflow. Baseflow accounts for major differences in the 5 hydrographs depicted, from the Metolius which has very high baseflow, to the San Pedro which has no baseflow.


2.  Text describing the hydrograph of the Noyo River (p. 3-40, lines 14-21) is confusing. The statement “…impermeable bedrock prevents precipitation water from moving to deep groundwater” implies that baseflow in this drainage is low. Thus the statement “…baseflow levels are high during the winter and low during the dry summer season” is not accurate as baseflow should be low year-round. In this system, baseflow is easily seen as the area under the curve in Sep-Oct.


3.  The hydrograph for the San Pedro shows no flow for most of the year, and this is used as an example of a type of hydrograph common to desert SW streams. Depending on where this gage is in the basin, this lack of baseflow could be due to groundwater pumping from the shallow alluvial and deeper aquifers or land use changes that have altered floodplain connectivity to the water table (Stromberg et al. 1996; Leenhouts et al. 2005; Marshall et al. 2010). The figure caption should indicate whether or not this hydrograph is highly altered from its recent historic condition, which will determine the extent to which it can be used as a hydrograph illustrating this type of system.











Minor Comments.


Page 3-5, line 12. Confusing sentence. “Like riparian areas, wetlands are transitional areas…”. This makes it sound like riparian areas are not wetlands. Suggested edit: “Wetlands are transitional areas…as was described previously for riparian wetlands”





Figure 3-4 legend (p. 3-9) state that the water table is indicated by an inverted triangle





Definition of aquiclude (p. 3-10, line 5-6) should indicate that in addition to not transmitting water, it often prevents water from moving between geologic strata.





p. 3-12 lines 34-36. Return flow is a term not generally used for springs supported by shallow groundwater discharge. Return flow is most commonly used to refer to irrigation water that is not consumed, and is returned to a stream, lake, or wetland. Unless there is a citation for this statement (there isn’t one at the moment), I suggest this sentence be deleted. The term is not used elsewhere in the report.














Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most


relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Major Comments


Chapter 4 contains a comprehensive summary of the large body of literature on upstream- downstream connectivity. This section is technically accurate with some minor exceptions listed below.





Section 4.5 “Biological Connections” should include a section on plants. For example, streams provide important means of dispersal for many floodplain species, such as cottonwood and willow.


p. 4-41, lines 13-23. This section needs more information about how the Ogallala aquifer is connected to streams in the prairies. The current text states, “Regional movement of water through the aquifer is from west to east, but locally the water moves toward major tributaries”. However, there is no information about the spatial and temporal distribution of discharge to the stream, how groundwater-surface water interactions affect streamflow, and how this has changed with water table declines in the aquifer.











Minor Comments.


p. 4-3, lines 30-32. The term baseflow is not used correctly. Baseflow is only the groundwater discharge component of the hydrograph. It does not include direct precipitation or overland flow resulting from precipitation. The sentence should read, “For example, headwater streams which have stronger connections to groundwater or which consistently receive more precipitation, relative to downstream reaches, will have a larger effect on river baseflows”.





p. 4-3 and 4-4, lines 34-35 and 1-3. Explanation of Shaman et al. 2004 study is unclear. “Baseflow discharge in smaller streams (i.e., with watersheds <8 km2) was more weakly correlated with mainstem discharge than discharge in larger streams; the authors concluded


that this pattern reflected greater contributions by deep groundwater as drainage area increased


(Shaman et al., 2004).”





Is this a clearer explanation of these results? “Discharge in tributary and mainstem streams was more strongly correlated in larger (>8 km2) compared to smaller watersheds (Shaman et al.,


2004). The authors concluded that this pattern reflected greater contributions by deep groundwater as drainage area increased.”





p. 4-6, figure 4-1. Typo. Y-axis top number should be 550.





p. 4-7, figure 4-2. Figure caption is missing information. What are (a) and (b)? Where are stream gages in relation to one another?





p. 4-10, line 28. Sentence is missing the word tributary? “A long-term sediment budget for the


2


Coon Creek watershed (360 km ), a tributary stream to the Mississippi River in Wisconsin…”





p. 4-13, lines 29-33. A good citation for the sentence, “Groundwater temperature is largely buffered from seasonal and short-term changes that affect air temperature, so that in temperate climates, groundwater tends to be cooler than air temperature in summer but warmer in winter.” is Manga (2001).











3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





The conclusions discussed in this section are supported by the science described in Section 3.











Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional


Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization


of the literature.





This section is technically accurate, with the following proposed changes.





p. 5-3, line 26. The report states that papers on riparian and floodplain wetlands do not state if the area is a wetland. The authors do not list the papers, so it is not possible to confirm this statement, however it should be possible from the intent of the paper to determine if the study ecosystem is a wetland or not.





p. 5-14, lines 10-14. Confusing sentence with proposed edits underlined. “In addition, microbial biomass has been shown to be positively correlated with the loss of the herbicides 2,4-D (2,4- dichlorophenoxyacetic acid) and dicamba, suggesting the greater a relationship between the amount of microbial biomass in the soil, the      greater the capacity of an ecosystem to degrade pesticides (Voos and Groffman, 1996)”.





p. 5-17, lines 7-9. Missing information indicated in parentheses. “From January to June 2003, 14 and 31% of total diatom and total green algae biomass [of a certain reach of the Sacramento River?], respectively, was produced in the floodplain (Lehman et al., 2008).”





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





The conclusions discussed in this section are supported by the science described in Section 4.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic


Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





This section is technically accurate, with the following proposed edits.





Section 5.4.2.2, Groundwater Connections: additional literature





1.  Shallow groundwater can support the peatland water table, thus connecting wetlands across larger areas to each other and to streams, as demonstrated in northern Minnesota (Glaser et al. 1997; Siegel et al. 1995). These studies show that the peatland water table is a balance between precipitation and the local groundwater flow system. Groundwater discharge at the base of the peat is low during wet years, because the hydraulic head of precipitation maintains a high water table. During dry years, the groundwater rises higher in the peat column, thus preventing the water table from dropping as much as it might with no groundwater discharge. Thus the groundwater partly decouples the peatland water table mound from climatic variation and connects the peatland to the local or regional groundwater flow system.





2.  Data from over 70 fens in the Midwest are summarized by Amon and co-authors (2002).


The fens discussed are all supported by discharging groundwater; however, they differ in the amount and form of water flowing out of the fens, ranging from significant sheet flow, to no outflow.





3.  Additional studies describing how groundwater flows through headwater wetlands and towards mainstem rivers, often in shallow sub-surface pathways: Hill and Devito (1997); Almendinger and Leete (1998).





Section 5.4.3.2, Unidirectional Wetlands as Sinks and Transformers for Downstream Waters:


additional literature





1.  A number of studies have demonstrated the importance of peatlands in removing nitrogen deposited from atmospheric sources. Peatland mosses have been shown to remove 50-


100% of N applied aerially (Aldous 2002; Bayley et al. 1987; Li and Vitt 1997;


Jauhiainen et al. 1999) and 100% of N from natural precipitation (Woodin and Lee 1987).





2.  Several studies document how headwater peatlands help to maintain stream water quality by intercepting excess nutrients and sediments coming from uplands (Drexler et al. 1999;


Boomer and Bedford 2008a; 2008b) and export organic matter, which often forms the base of food webs in streams and lakes (Schiff et al. 1998).











Minor Comments





p. 5-21, lines 18-19. Slope wetlands such as fens often have diffuse inflow via groundwater but channelized outflow – see notes and literature above related to section 5.4.2.2





p. 5-24, lines 31-32. Please provide an example for this unusual case, I cannot think of any examples: “A wetland can also be hydrologically isolated from streams and rivers if it recharges a groundwater aquifer that does not feed surface waters.”





Table 5-2, p. 5-34, Oregon spotted frog (Rana pretiosa) should be included in this list. Habitat requirements of the Oregon spotted frog differ depending on the stage of its life cycle; it lays its eggs in shallow temporary pools, often in unidirectional wetlands, and moves to deeper perennial streams as an adult (Pearl et al. 2005; 2009).





Table 5-3, p. 5-38. Final bullet point under “Physical Connectivity and Function” should include flow, as in “Groundwater that flows through riparian areas and into the stream helps moderate stream temperatures and flow”





Table 5-4, p. 5-39. Second bullet point should include surficial geology, which in many cases plays a more important role than soils. “The degree to which outputs (or connections) are dominated by surface water vs. groundwater is controlled in part by surficial geology and soil permeability: Permeable geologic deposits and soils favor groundwater outputs, while impermeable geologic deposits and soils result in surface water outputs. Other factors, such as topographic setting, can also play a role.”








5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported











Major Comments


The conclusions drawn here are thorough and technically accurate. However, see comment above (listed under the first question related to overall clarity and technical accuracy), which applies directly to this section.





Minor Comments


p. 1-10, lines 29-30. The term baseflow is not used correctly. Baseflow is only the groundwater component of the river hydrograph. Better phrasing is “These functions include storage of


floodwater; retention, and transformation of nutrients, metals, and pesticides; and recharge of groundwater that will support sources of river baseflow.”
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[bookmark: _Toc374538465]Dr. Genevieve Ali


Last modified: December 1st, 2013





I would like to acknowledge a thoroughly documented report on downstream connectivity-related research with countless impeccable figures, tables, paragraphs and sections. The elements currently included in the draft report generally require no correction or further explanation but I would be interested in knowing why some areas of research were not covered (or not detailed) in the draft report. I tried to separate my general, overall comments (see part A) from my answers to the technical charge questions (part B).











A) GENERAL COMMENTS











	Would it be possible to relax the constraint that was set by the authors about using only peer- reviewed material as the basis for this draft report? I understand that a line had to be drawn when establishing a methodology but government publications, in particular, might have provided interesting case studies to report on.





	The effects of altering (i.e., enhancing or preventing) or restoring connectivity through human modifications of the landscape are mentioned in passing in multiple places in Chapters 3, 4 and


5 but not covered extensively. I find it to be the main weakness of the draft report, especially in light of the technical charge document which states that:





“understanding the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans is central to successful watershed management and to meeting water quality goals. It is also central to informing policy decisions that guide our efforts to meet these goals”





and also that:





“findings from this Report will help inform EPA and the U.S. Army Corps of Engineers in their continuing policy work and efforts to clarify what waters are covered by the Clean Water Act.”





In relation to streams, for example, it is unclear to me why man-made drainage features such as surface drains, roadside ditches or tile drains were not discussed in more detail. Also, in relation to wetlands, it might have been interesting to include case studies on the altered connectivity of wetlands that have been fully drained, consolidated, cropped, etc. I think that the issue of connectivity in highly anthropized environments would gain in being detailed in a separate chapter or emphasized in Chapter 6, especially when it comes to stream restoration (what stream properties should be restored?), surface drainage (artificial versus natural drainage density),  wetland  drainage  and  wetland  restoration  (what  wetland  functions  should  be restored?). Another suggestion could be, for Chapters 4 and 5, to include an additional case study that specifically addresses the impact of human landscape features on connectivity.





	The draft report does not include any significant discussion of potential competing watershed management goals, e.g., enhancing biological connectivity while preventing hydrologic and chemical connectivity. While watershed management is a vital end-use of research around connectivity (and that is the motivation for the draft report), the real issue “in practice” is often to determine the appropriate level of connectivity or disconnectivity to be achieved for each niche: hydrological, chemical, biological, etc. (Bracken et al., 2013). Those issues could be emphasized in Chapter 6.





	Concepts of temporal thresholds and tipping points are not at all discussed in the report, but they should as they would clarify the definition of (and assumptions behind the concept of) isolated wetlands. Please refer to my answer to technical charge question 5a).





	Research studies on the connectivity of roads to streams are not described in the draft report and should, at least, be mentioned if not detailed in a “case study” format. Roads are human landscape features that are critical to consider not only because of their connectivity with channels at stream crossings but also because road-associated gullying leads to an extension of the channel network (e.g., Montgomery, 1994; Wemple et al., 1996, 2003; Croke and Mockler,


2001; Wigmosta and Perkins, 2001; Croke et al., 2005; Thompson et al., 2008).





	Chapter 6 opens a small window on the issue of detecting impairments to connectivity but does not expand on it, especially when it comes to techniques that might be available to isolate effects or impairments that are cumulative.





	While the use of multiple case studies is great to support the elements presented in Chapters 4 and  5,  the  draft  report  fails  to  do  a  synthesis  of  techniques  or  assessment  methods  to characterize (measure) connectivity in practice. It is true that there is no consensus about the variables, metrics or indicators to use to measure the magnitude, duration or timing of connectivity  (especially  hydrologic  connectivity)  but  it  would  be  worth  stating  lack  of consensus. In its current state, the report seems to imply that the science around hydrologic connectivity  is   well   established   and   relies   on   a   universal   (or   largely   agreed   upon) methodological framework, while it is not at all the case.





	Figure 6.1 should probably be expanded to include some of the “metrics and indicators used in EPA’s national assessments of streams, rivers, lakes, wetlands, and coastal waters” (page 6-5). Also, the literature on connectivity indicators or metrics cited in Chapter 6 is mostly of ecological nature and mostly concerns longitudinal connectivity. It would be worth specifying why we need connectivity indicators or metrics for management purposes: some indicators or metrics available in the literature can be used to characterize the degree of connectivity from data collected in the field, while some others can only help us answer the question: what leads a potential stream or wetland function to become an actual one? In association with Figure 6.1, it would be beneficial to make a list of such indicators or metrics and classify them according to whether they are stress indicators, exposure indicators or response indicators.
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B) ANSWERS TO TECHNICAL CHARGE QUESTIONS











Overall Clarity and Technical Accuracy of the Draft Report





1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.





As stated in my general comments above, I find the draft report to be very thorough in its treatment of the topics that are indeed included in the report. Most of my comments above and below concern elements that were not treated in the drafted report.











Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function





2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report.





Chapter 3 is very easy to read and very pedagogical in its description of the conceptual framework. My only comment is about the definition of connectivity adopted throughout the report, namely “the degree to which components of a system are joined, or connected, by various transport mechanisms”. This definition raises two questions that are not explicitly addressed in the remainder of the draft report. First, the phrase “the degree to which” clearly implies that connectivity is not a binary property but rather a continuum of system states, which I agree with; however the draft report does not explicitly describe how those successive states should be measured or monitored. Also, in the definition of connectivity, the phrase “transport mechanisms” does not specify the timescale of interest, i.e. it is unclear whether system components linked via regional groundwater over decadal scales are considered in the same way as system components linked via surface flow at the scale of precipitation events. That issue of timescale or cutoff time for the definition of connectivity is especially important when defining the isolation of wetlands (see my answer to question 5a) below).











Lotic Systems: Ephemeral, Intermittent, and Perennial Streams





3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly








summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





I was expecting to find explicit references to environmental flow requirements, especially in relation to biological connectivity. As for the concept of nutrient spiraling or spiraling length: can it be used to define levels of (scientifically and socially) acceptable and unacceptable chemical connectivity?





3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





I did not find any major discrepancy between the material in Chapter 4 and the executive summary of the draft report.











Lentic  Systems:  Wetlands  and  Open  Waters  with  the  Potential  for  Non-tidal,  Bidirectional


Hydrologic Flows with Rivers and Lakes





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The draft report states that “riparian and floodplain areas can reduce flood peaks by storing and desynchronizing floodwaters” (page 1-9 and elsewhere) and although that statement is generally  true,  it  should  be  nuanced  in  light  of  the  impact  of  seasonally  frozen  ground, especially in northern Prairie States (where frozen soil inhibits the runoff and nutrient trapping capacity of riparian areas).





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





I did not find any major discrepancy between the material in section 5.3 and the executive summary of the draft report.














Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to


Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a)  Section  5.4  of  the  draft  Report  reviews  the  literature  on  the  directional  (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





One  clarification  question:  the  phrase  “geographic  isolation”  does  not  mean  a  lack  of hydrologic connectivity but does it mean a lack of other types of connectivity (e.g., genetic)?





The draft report mentions issues related to the delineation of geographically isolated wetlands from coarse-resolution maps and also suggests that wetlands should not be considered individually but rather as part of larger complexes (i.e., consider wetland complexes as functional units). However no guidance is given as to how to delineate complexes rigorously from maps (while avoiding the coarse resolution issue, that is).





The  draft  report  rightfully  states  that  geographic  isolation  (concept  used  for  wetlands completely surrounded by uplands, with uplands being areas that do not meet any of the three Cowardin criteria) should not be confused with functional isolation. The draft report also states that spatial scale is important when evaluating geographic isolation but the importance of temporal scale with respect to functional isolation is largely omitted. When comparing Chapters


4 and 5, it was interesting for me to realize that the adopted definitions of perennial, intermittent and ephemeral streams were very precise and tied to specific time scales (i.e. streams flowing all year long, seasonally or in response to precipitation events only) while the terminology used for wetlands was much more vague with references to permanent, frequent or infrequent surface water connection or inundation. For wetlands that are groundwater-dominated, the way (functional) isolation is (or should be) defined is strongly dependent on the relative presence of local, intermediate or regional flow systems (described in Chapter 3) and groundwater travel time. For example, assuming a typical Prairie Pothole setting with intermediate groundwater flow systems and groundwater travel times to the stream ranging from 90 to 400 days, if a cutoff time of one month were chosen to define functional isolation, then all unidirectional, geographically isolated wetlands (potholes) would also be functionally isolated. Using a cutoff time of one year, however, would only lead the most geographically (and hydraulically) remote potholes to be considered functionally isolated. I find the idea of a cutoff time critical for process understanding and management purposes because:





	It helps define a gradient of functional connectivity (or isolation) that the draft report currently refers to but deems difficult to establish (page 5-33).














	It is aligned with the definition of connectivity adopted in the draft report and that refers to “the degree to which system components are connected”; the “degree to which” is not only timescale-dependent (in its definition) but also time-variable (in its climate-driven evolution).





	It can be applied differentially for different niches, i.e. the cutoff time for chemical connectivity  should  probably  be  much  longer  than  for  hydrologic  connectivity  to prevent  contaminants  “trapped”  in  geographically  (but  not  functionally)  isolated wetlands from reaching the stream network in a short period of time. It might even be worth discussing what a socially acceptable definition of isolation (for water versus contaminants) should be and establish standard cutoff times for the definition of functional connectivity accordingly.





One valuable paper about the importance of the temporal scale or cutoff time to define (functional) isolation is Winter and Labaugh (2003): it is currently cited in the draft report but only in reference to the definition of groundwater systems and not in relation to the characterization of wetland isolation. If possible, I think that more emphasis should be put on functional isolation and a little less on geographic isolation because the former provides more information about system behaviours and its understanding can lead to better targeted management decisions.





Lastly, the draft report mentions the beneficial effects of isolation versus the beneficial effects of connectivity (depending on the material fluxes considered): would it be possible, in the report, to summarize the beneficial effects of connectivity versus isolation in a table and suggest a continuum of desirable and undesirable conditions and hence go beyond the simple literature review?





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





I did not find any major discrepancy between the material summarized in section 5.4 and the executive summary of the draft report.
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RESPONSE TO TECHNICAL CHARGE QUESTIONS


J. David Allan, December 7, 2013


Charge Question 1: The overall clarity and technical accuracy of the draft EPA Report, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of Scientific Evidence” is excellent. The Report is extremely thorough, comprehensive, and, where appropriate, cautious about the state of knowledge.  


Charge Question 2: Chapter 3 of the Report sets forth the conceptual framework for connectivity in detail.  It is essential to understand river systems from a network perspective, to appreciate the very important role of headwaters, and to recognize the extent of downstream influences as well as upstream influences as, for example, by movement of fish and other organisms.  Connectivity as a fundamental property of streams and wetlands, and the factors that influence connectivity (or isolation), are explained clearly and accurately.  This conceptual framework is very helpful for interpreting evidence about individual watersheds and appreciating the complexity of interacting factors.


Charge Question 3a: Chapter 4, Lotic Systems, provides a comprehensive, clear and compelling explanation of the physical, chemical and biological connections that link ephemeral, intermittent and perennial streams into a stream or river network.  The reviewed literature is the most relevant, and it is correctly summarized and woven together to fully explain how river systems “work”.  While additional papers could no doubt be identified to further elaborate some details, the authors have included the appropriate literature.  


Charge Question 3b: Conclusion (1) in section 1.4.1 and the major findings and conclusions to Charge Question 3(a) are fully supported by the available science.


Charge Question 4a: Section 5.3 of the Report summarizes existing knowledge with regard to (directional) downstream connectivity and the interactions of riparian and floodplain wetlands with rivers.   Physical, chemical and biological connectivity are amply documented and clearly explained. Table 5-1 of the Report provides an excellent summary of the five functions (source, sink, refuge, transformation and lag) that make up the mechanisms of linkage. Table 5.3 provides a well-supported list of key conclusions regarding the effects of riparian and floodplain wetlands on physical, chemical and biological connectivity with rivers.  The evidence in support of connectivity is significant and without question. While additional papers could no doubt be identified to further elaborate some details, the authors have included the appropriate literature.  


Charge Question 4b: Conclusion (2) in section 1.4.2 and the major findings and conclusions to Charge Question 4(a) are fully supported by the available science.


Charge Question 5a: Section 5.4 of the Report summarizes existing knowledge with regard to (directional) downstream connectivity and effects of diverse types of wetlands with rivers.  The Report refers to these wetlands as unidirectional wetlands, occurring along a gradient of hydrologic connectivity.  The Report suitably notes that the state of scientific knowledge for this class of wetlands makes it difficult to generalize about the degree of connectivity, such that case by case studies may be necessary for specific situations.  Nonetheless, Table 5.4 provides a well-supported list of key conclusions regarding the effects of unidirectional wetlands on physical, chemical and biological connectivity with rivers. The Report further makes it clear that use of the term “geographically isolated wetlands” should be used with extreme caution, if at all, because distance alone, especially in the absence of detailed hydrologic analyses, could result in incorrect conclusions about actual connectivity. While additional papers could no doubt be identified to further elaborate some details, the authors have included the appropriate literature.  


Charge Question 5b: Conclusion (3) in section 1.4.3 and the major findings and conclusions to Charge Question 5(a) are fully supported by the available science.  As new methods of analysis become available, future research may increase the ability to make scientific generalizations about unidirectional wetlands. 
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Dr. Lee Benda (Earth Systems Institute)


Answers to Charge Questions 1 – 5b.





Question 1: Overall impression of the clarity and technical accuracy of EPA’s draft report.





I have a good overall impression of EPA’s draft report. It appears to be very thorough in many (most) respects without building an entire text book on the topic, which of course the topic could merit. I thought the figures were helpful and appropriate, with many of them designed to introduce physical and biological concepts to a lay audience.





 I agree with the general structure as outlined in the table of contents, although I might suggest adding another subheading under the “Conceptual Framework” that discusses the issue of connectivity significance but at the population level of headwater streams (see Question 2 below).





I found some of the information covered in Section 5.0 difficult to sort out since it is complicated by the issue raised about the literature on floodplains and riparian areas vs. riparian/floodplain wetlands (pg. 5-3). I understand the author’s dilemma and their solution to use all literature. However, all riparian areas are not wetlands; all floodplains are not wetlands. In the various subsections in 5.0, some of them continually refer to “riparian/floodplain wetlands” while other sections only mention “riparian areas” or “floodplains” (as if they were written by different authors which they might have been). I would like to see a bit more discussion about how wetlands and riparian area research is used interchangeably. I do not doubt the logic process but the approach needs to stand up to scrutiny by a skeptical audience.





I liked the case studies at the end of the Report. If the Report included an highlighted section on connectivity significance in terms of integration of the entire population of tributary and wetland source areas (see Question #2), it would be effective to include a case study illustrating that, but it might need to rest on simulation results, given the expanded space and time elements of that concept.





Question 2: Overall impression of the clarity, technical accuracy, and usefulness of the conceptual framework describing the hydrological elements of a watershed and the physical, chemical and biological connections linking these elements.





The Conceptual Framework section of the EPA Stream and Wetland Connectivity Report is quite comprehensive and highlights the general state of the watershed sciences as it pertains to river networks and wetlands within a watershed context. The level of detail it contains is approximately equivalent to an undergraduate course in geomorphology but with a heavy focus on connectivity that is more likely found in graduate level classes in lotic ecology and fluvial geomorphology.





The Conceptual Framework could use a bit of reinforcing in a couple of key areas.


(1) Although mentioned in several areas of the Framework (and also within the body of the Report), the concept of the “aggregate effect” or the integration of the many smaller, headwater streams on the functioning of larger rivers in a watershed need to be additionally highlighted and discussed. I think it is sufficiently relevant and important to merit its own subsection (e.g., Assessing Connectivity Significance: Single versus the Integrated Effects of Numerous Smaller Tributaries and Wetlands). This is an important concept because any individual small stream (or wetland) may be ecologically insignificant to any single larger (navigable) river (or other water body). As highlighted in the House of Representative’s letter to Drs. Rodewald and Allen (Nov. 6, 2013), the question of “significant nexus” (Justice Kennedy in Rapanos v. United States, 2006) is raised. Contained in the House’s additional charge questions is: “The real question…is the scientific significance of…connections on downstream traditional navigable waters…does the science provide a method to establish whether connections are significant?”





In the context of mainstem rivers integrating and accumulating the flow, sediment, nutrient, and biological materials of numerous smaller headwater tributaries (and connected and disconnected wetlands), the significance of connectivity must be heavily facilitated by the integration of all of the smaller (and perhaps individually insignificant) sources. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single first-order stream with a drainage area of < 1 km2 would be considered insignificant (to the mainstem river) but the space-time integration of all 200 first- and second-order streams in the watershed governs the total sediment mass balance of the larger river and the resulting in-channel sediment storage, channel morphology and aquatic habitat.





In this vein, the “significance nexus”, although it could rest on location to location connectivity of a single small tributary or wetland to a larger river, could also be defined more appropriately as a population attribute of all small headwater streams and wetlands in a watershed (a river network statistical attribute). This infers that a number of headwater streams and wetlands could be ecologically compromised without serious ramifications to mainstream rivers; there is also a dilution effect. However, ecological impairment of mainstem rivers could occur if a sufficient number of the intersecting smaller streams and wetlands was impacted. Thus, the test of “significance” rests on a convolution (both in space and time) of each headwater tributaries’ time series of water, sediment, organic debris, nutrients, and biological material production, export and storage downstream through larger river channels.  This concept could be highlighted, discussed and illustrated in its own subsection of the Report, or it could be highlighted here and there in a sentence or two in several sections of the Report as it now occurs.





There are a number of other charge questions from the House (which I understand from Tom Armitage that we are not to address at this time) that could also motivate a few upgrades in the Conceptual Framework. For example, “What is the difference between a stream (using the Report’s definition) and a road side or agricultural ditch? Do a majority of ditches perform the entire suite of functions performed by streams?” (e.g., the Conceptual Framework could include a subsection on “Artificial Channels, Diversions and Ditches”, considering the proliferation of such drainage structures across the U.S.).





(2) The Conceptual Framework section could also use a bit more heft when it discusses Factors Influencing Connectivity, specifically Human Activities and Alterations (3.4.4). About ½ page is devoted to the issue of dams, which could be expanded to cover many impacts not discussed such as fish migration barriers and sediment starvation downstream, thereby altering channel and floodplain habitats. In addition, the question of negative cumulative watershed effects could be discussed in detail. It has ramifications for the concept of the aggregate (positive) influences of many small tributaries on mainstem rivers (as outlined above), but from the flip side of integrating numerous negative impacts originating from many small tributaries including increased sediment, thermal and nutrient pollution. The concurrence between negative cumulative watershed effects framed within the structure of network integration of many point sources (of everything) would add a nice theoretical touch to the Framework.





Question 3 (a): Comments on EPA’s review and characterization of the literature on directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams.





This section is relatively thorough and touches on the majority of relevant topics concerning physical, chemical, and biological connections to rivers. However, it could use additions in a couple of key areas. 





The issue of map resolution on headwater stream delineation (such as the NHD 100,000 scale coverage missing many first and second order streams), although mentioned in several areas in the Report, could be effectively illustrated in a figure. A related topic is the increasing availability of LiDAR digital elevation models (DEMs) and thus the increasing ability to create more accurate and densified synthetic stream networks (e.g., the NHD is a cartographic product created from maps such as the blue line topographic maps [NHD+]). A comparison between the different technologies in a figure would be informative, including for the lay person, further illustrating how new technologies may influence the findings of connectivity significance. 





Perhaps part of the reason why headwater streams (and perhaps small wetlands) are off the radar screen (at least in some state and federal jurisdictions) is because they remain poorly mapped. However, the increasing availability of high resolution DEMs (including the National Elevation Dataset [NED] 10 m DEM) and more robust flow routing algorithms means that more accurate stream maps (or GIS layers) are becoming increasingly available. Thus the ability to predict (and discern) hydrologic, geomorphic and ecological connections between small and large streams is increasing rapidly. For example, using better DEMs, many organizations are rapidly building higher resolution stream networks, fish habitat maps, more accurate floodplain maps, and predicting headwater streams prone to debris flows during storms and following wildfires. Thus, information about headwater streams will greatly increase in the near future and that information will be broadly disseminated across agencies, NGOs, and the public, oftentimes freely from websites.  Hence, “connectivity” and “significant nexus” are not only issues related to the best available science (e.g., House charge questions, Smith and Stewart 2013) but are also issues pertaining to (and will be determined in some part by) technology (e.g., better digital data and  more web dissemination). 





For example, only in the last decade has the science and technology arrived to the point where it can predict the risk posed by mudflows or debris flows originating from small headwater streams (< 1 km2) either following wildfires and logging (even if this risk has a low probability of occurrence of once every 200 years). Prior to this technology, small headwater streams were commonly off the policy radar screen, even if professional qualitative judgment indicated otherwise. Thus, has the significance of the nexus changed over a period of a decade based primarily on new technology? In addition, the significance question relates to the aggregation or population of tributaries outlined in #2 above. For instance, perhaps the risk of debris flows every 200 years on downstream fish habitat (not to mention homes and highways, not addressed here) would be considered not a significant nexus. However, at the scale of entire watersheds containing hundreds of individual headwater streams, the annual probability of debris flows increases to 100%. At the population level, the nexus is significant.





Question 3 (b): Comments on EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow through wetlands) are supported by the available science.





I agree overall with the findings and conclusions concerning the issue of connectivity and its relationship to ephemeral, intermittent, and perennial streams in the Report (e.g., they are supported by the available science). A few comments follow. In a couple of places in the Report, it states that salmon utilize “headwater streams” (pgs 3-41, 4-30). By definition in the Report, headwater streams are primarily first- through third (Strahler) order. In general in the Pacific Northwest, scientists consider “headwater” streams to be off limits to anadromous salmonids, too steep and too small; headwaters are usually defined as first and second order streams. I might suggest reviewing the distinction between headwater and non-headwater streams. In the Pacific Northwest, for example, the distinction is usually made at the second order–third order break, because first and second order channels are filled with a combination of alluvium and colluvium and thus are distinct from larger, higher order streams that are dominated by alluvium. 





The “geomorphologic dispersion” (Rodriguez-Iturbe and Valdes 1979) (pg. 4-8/4-8) is often referred to as the “geomorphic unit hydrograph” concept.





If the Conceptual Framework of the Report included greater discussion (or its own subsection) on mainstem integration of tributary sources (see Question 2 above), then parts of Section 4.0, specifically the ones dealing with sediment and wood, could be expanded to account for this integrative characteristic of watersheds (again highlighting that connectivity significance is a function of the population behavior of tributaries that varies in both space and time, rather than the behavior of any single tributary).





Human modifications to physical (chemical) connectivity are mentioned briefly on pg. 4-16. Would Section 4.0 benefit from an expanded treatment of human alternations? The literature on this topic is rather extensive. Or is that covered sufficiently in the Conceptual Framework (but see comment in Question 2 above)? For example, Section 4 could include a subsection (4.x) that reviews how land use can alter the natural patterns (and thus connectivity) of the fluxes and storage of water, sediment, wood, nutrients and thermal, including at the population of channels level (e.g., cumulative watershed effects).





Question 4 (a): Comments on EPA’s review and characterization of the literature on directional (downstream) connectivity and effects of wetlands and certain open waters.





I am not an expert in wetland science by education or experience and thus I am not qualified to weigh in on the wetland section in detail, other than those aspects that deal indirectly with hydrology, floodplains and channels. Overall, I thought the wetland section, as it relates to fluvial geomorphology and hydrology, is sound.





However, I had some difficulty with mixing floodplains and riparian area science (and literature) with floodplain wetlands and riparian wetlands science and literature (see my comment in Question #1).





Question 4 (b): Comments on EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of wetlands and certain open waters (including flow through wetlands) are supported by the available science.





As indicated above, I lack the background in wetland science to determine if the material on wetlands in the Report reflects the available science. My quick reading over this material suggests that it does use the available science and draws sound conclusions. I can see from the House’s charge questions, specifically addressing wetlands and their connections to other bodies of water (larger rivers), that there are issues that might need clarifying in the wetland section of the Report. For example and as it relates to my comment on mixing the large body of floodplain/riparian science/literature with wetland science/literature, House charge questions include “did the peer-review studies examined with respect to wetlands evaluate features which met the Cowardin definition of wetland or the federal regulatory definition of wetland.”





Question 5 (a): Comments on EPA’s review and characterization of the literature on directional (downstream) connectivity and effects of wetlands and certain open waters, including geographically isolated wetlands, with potential for unidirectional flows to rivers and lakes.





As indicated above, I lack the knowledge to comment on the science review of geographically isolated wetlands. Nevertheless, the section seems solid, particularly in reference to subsurface hydrology and the number of supporting citations. However, as stated in the Report, it is not a trivial exercise to determine specific subsurface and groundwater conditions of geographically isolated wetlands. The Report highlights the challenges in determining whether and how these types of wetlands are connected to other wetlands and to stream networks, on a case by case basis. Typically some form of subsurface drilling and or tracer work would be required to determine source of incoming flow and groundwater field conditions.





Given that earlier in the Report it states that approximately 50% of wetlands (presumably mostly geographically isolated) in the U.S. have been drained (and developed), it might be useful to elaborate (possibly in a new subsection) how historical and present day land uses have impacted and continue to impact wetland functions. In addition, if many of the geographically isolated wetlands had some type of connectivity (hydrologic, biotic, other), then a reduction of some 50% of wetlands should have had some profound ecological impacts, either on the remaining wetlands or on the stream network they were connected to (if not, were they significantly connected?). The Report could highlight what these impacts are so that one could infer what ecological impacts the continuing loss of geographically isolated wetlands would have.





Question 5 (b): Comments on EPA’s review and characterization of the literature on directional (downstream) connectivity and effects of wetlands and certain open waters, including geographically isolated wetlands, with potential for unidirectional flows to rivers and lakes are supported by the available science.





Because I lack academic experience with the wetland literature, I am not in a position to comment on the available science. As indicated above, the review of the science (based on the number of citations and geographic variation of them), appears valid.
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Comments of Emily S. Bernhardt





EPA Connectivity Report





In response to the Technical Charge





Overall Clarity and Technical Accuracy of the Draft Report 


1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 





This EPA report represents a heroic effort to synthesize the vast literature describing how rivers work as hydrologic, chemical and biological systems. I particularly liked the opening sentence of Chapter 3 which recognizes that  “A river is the time-integrated result of all waters contributing to it, and connectivity is the property that spatially integrates individual components.”





That said, this well researched document seems less strategic than it could be, if it is indeed designed to help inform regulatory decisions about the scope and jurisdiction of the federal government in enforcing the Clean Water Act. Much of the energy and length of this document is aimed at explaining dynamics in systems that are unquestionably connected to waters of the United States. Far too little text is devoted to the truly thorny issues of establishing where streams begin, how many features a channel must have to qualify as a stream (e.g. duration of flow, presence of aquatic biota), and how isolated a wetland must be to be “unconnected”. No text is devoted at all to the manmade infrastructure (agricultural ditches, stormwater pipes, piped streams) that is directly linked into the stream network, effectively expanding drainage network density in many agricultural and urban settings.





The present document is a catalogue of well organized information that would be a useful primer for students of Aquatic Ecology or water resources courses, yet I wish that a more focused and strategic document could have been created that dealt with the hard issue of defining the edge of connectivity. In the actual world, all components of the land surface are to some degree connected to draining streams, the issue is where along this continuum a line could usefully be drawn to protect the structure and function of our nation’s waters. 





Because there is so much information and detail, it is quite difficult to find the main points of the document. This is less a document about connectivity than one about aquatic ecosystem structure and function. 





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function 


2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





This chapter does a nice job laying out the many key terms and concepts that are necessary to interpret connectivity.





Line 28 on p. 3-27 – The statements that the more frequently a material is delivered to the river, the greater its effect or that The effect of an infrequently supplied material, however, can be large if the material has a long residence time in the river are poorly supported. Episodic pulses of toxins, salts or sediments can have devastating effects even if they happen only once. The focus here on woody debris and salmon as the only examples is problematic. I would recommend either removing this paragraph completely or more thoroughly examining the literature on this topic of material additions to streams.





Line 29 on p. 3-30 – “…cations in stream water convert dissolved organic matter to fine particulate organic matter (FPOM, particle size <1 mm) that is taken up directly by benthic bacteria, delaying its export downstream.”, - this sentence should include a description of the mechanism of cation bridging that I assume the line refers to and a citation.


I think Figure 3-20 is very instructive and useful. 





Line 22 p. 3-50, this paragraph appears to mix empirical data, conceptual ideas and  mathematical models  indiscriminately. More focus on real data on these issues would improve this section. I especially take issue with this last sentence that says restoration improves floodplain connectivity based on a model… how about some data on this one.





At the beginning of section 3.4.5, please provide some justification for investing this much text in describing a single place. Is this particularly data rich, particularly illustrative of some particular point. Please justify the decision to spend so much time on this paper. Rather than repeating this comment for each chapter, I will say here that these case studies require some more justification for their inclusion. They add tremendous bulk to the document to no clear purpose.





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 


3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





This chapter is technically sound, but left me wondering why it was necessary to invest 70 pages of text in drawing the extremely basic conclusion that headwaters are connected to downstream rivers. I wish this section were more targeted to focus on the most questionable portions of the network, addressing the connectivity of ephemeral streams and dry washes, or manmade conveyances that are directly hooked into river networks (stormwater pipes, agricultural ditches and tile drains). The long discussion of the processing of materials and the movement of organisms through stream networks does not seem particularly useful to the difficult issue of deciding what is and is not connected to downstream waters.





Given the exhaustive nature of the review of literature, I was surprised and disappointed that this article was not included in this chapter, as it directly addresses the issue of connectivity of headwaters. This paper reflects my more comprehensive thoughts on how to assess connectivity between streams and rivers.





Doyle, M.W. and E.S. Bernhardt  2011. What is a stream? Environmental Science and Technology 45:354-359.








3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





1.4.1a – yes, well put


1.4.1b – example not necessary for this high level conclusion


1.4.1.c – remove example


1.4.1.d - far too long for an overarching conclusion, the first two sentences are all that are required


1.4.1.e – is this conclusion about nitrogen or about nutrients? Is it a conclusion (really) if it says streams are sources and sinks? I would suggest that this one be subsumed in point d. I certainly would not refer to a single study (not cited) in a report conclusion.


1.4.1.f – okay, but more specifically to the issue of connectivity, do all headwaters provide critical habitats… I would state this differently than all preceding conclusions, because this is not universally true. Desert washes are headwaters, but they are so ephemeral that this is not a function one would expect them to serve.








Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes 


4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. Page 3 





This section provides a good summary of the relevant literature on the hydrologic connectivity of wetlands to downstream waters and on the exchange of materials and biota. I do not find the case study examples at the end of the chapter to be particularly useful.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 








1.4.2.a – with the caveat that those buffers actually have to be in contact with inflows – many riparian zones are short-circuited by pipes or tile drains. So position and residence time make some riparian wetlands more effective than others.





1.4.2.b The conclusions seem to oscillate between talking about riparian/floodplain areas vs. talking more specifically about wetlands in floodplains or riparian zones. I would prefer to see a separate conclusion specific to riparian/floodplain wetlands.





1.4.2.c – remove example and reference to an unnamed study and simply state the conclusion.





1.4.2.d – remove reference and summary from an unnamed study.





1.4.2.e – this could be simpler, many aquatic organisms rely upon access to riparian and floodplain habitats during some portion of their life cycle, thus damage to these habitats can damage aquatic communtities.





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 


5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





This section provides a good summary of the relevant literature on the hydrologic connectivity of wetlands to downstream waters and on the exchange of materials and biota. I do not find the case study examples at the end of the chapter to be particularly useful.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





1.4.3.a. First sentence is all that is needed here.





1.4.3.b same comment


1.4.3.c middle sentence adds very little





1.4.3.d good.





1.4.3.e I would place this as the first conclusion





1.4.3.f – It is not clear to me that this is of broad enough significance to qualify as a major conclusion.
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EPA’s Connectivity of Streams and Wetlands… 


(Written comments on draft report from Robert P. Brooks, 9 Dec 2013)





Executive Summary





	The summary conclusions satisfactorily characterize the findings of the report.  Major points are sufficiently separated for clarity. My only substantive comment pertains to Sec. 1.4.3.e Unidirectional Wetlands. Although it is difficult to generalize about the (hydrologic) connectivity between these types of wetlands (prairie potholes, vernal pools, etc.), the statement “…can make it difficult to determine or generalize…”, I believe we can be more specific when speaking about single types, and therefore, we should attempt to do that even if generalization is difficult.





Introduction





Sec. 3 – Could add a couple of citations that focus on holistic views of headwaters (Brooks et al. 2006, Brooks et al. 2013).


 


pdf p.39 – “Headwater streams are first to third order…”  Although this is a suitable definition for the report, a quick mention that the literature varies in what orders are used to designate headwater streams (perhaps second to fourth – and add a few citations), but many use first through third order, as revealed on 1:24,000 scale USGS topographic maps. Map scale can greatly influence where to begin with a first order designation.





[p. 91 - OKAY, THIS IS DISCUSSED FURTHER ON P.91 W/R SCALE ISSUES, BUT WITH NHD ONLY ESTIMATED JUST ABOVE 50% OF THE TOTAL, THIS SEEMS GROSSLY INADEQUATE AND MISLEADING TO THE READER.  ALSO, COMING LATER IN THE REPORT MAY LEAVE THE READER WITH CONFUSING PERSPECTIVES.]





 p.43 – Do we want to include examples of regional wetland (water) classification systems? (e.g., Stewart and Kantrud 1971 report (prairie potholes), Golet and Larson 1974(?) report (NE wetlands), Brooks et al. 2011 Wetlands (HGM for Mid-Atlantic). Some may provide more explicit descriptions and distinctions among difficult types, like prairie potholes.





p.55 Fig. 3-9 – Because these figures were constructed from NHD 1:100,000 data, it is likely that the report’s definition of a first order (and maybe second order) stream will not be  included here. This scale of data often misses the lowest order streams. Okay to use the figures, but should be qualified in the text and figure caption regarding this scale issue – otherwise, the legend %s are misleading.





p.59 – Inclusion of Bullock and Acremann 2003 % of studies showing flood storage is a good way to show predominance in the literature (23 of 28 studies).





Sec. 3.4 (e.g., p.59 lines 13-23) – Here, I do not see adequate mention of (or diagramming of) wetlands that have intimate contact with stream channels over long distances – where connectivity would be maximized. Examples would include saturated valley bottoms that remain permanently saturated at or near the surface yearround due to significant groundwater outputs with highly meandering streams, and/or broad landscapes with high water tables where the shallow stream channels highly meander through the terrain, with bog or marsh habitats lining the streambanks (e.g., muskeg, coastal plain freshwater emergent wetlands). These types of systems are NOT affected significantly by flood pulses or floodwaters, but rather they tend to have fairly constant water levels over time due to landscape position and high groundwater flows. Perhaps these are considered bidirectional systems in the report’s terminology?





Also, Hychka et al. 2013 (or her dissertation, Hychka 2010) provides analysis of wetland well data, and how they respond to both drought and disturbance. 





p.62 – Too much reliance on Leibowitz et al. 2008 (although an important reference!). Would like to see the four dimensions detailed by Thorp et al. 2006 also described and discussed (longitudinal, lateral, vertical, and temporal). This would bring in concepts from Ward & Poff, for example (which are mentioned in the next section 3.3.2.1)





Sec. 3.4.3 - p.84 – Should add more on aquatic invertebrates, e.g., obligates to stream or floodplain, vs. facultative species that move back and forth with fluctuating waters. Suzy Yetter (Yetter 2013, in Brooks and Wardrop 2013) has a good book chapter that proposes a model for this, including effects of degradation on the system. I can provide a copy.





Sec 4. Streams to Rivers – generally, the flux of materials is handled well, and has adequate citations to back up statements.





4.5 Biological Conditions - p.118 Invertebrates and fishes are covered, but not another vertebrate group that often replaces fish as the top headwater predator – salamanders (Stream Plethodontid Assemblage, see Rocco et al. 2004 (research report to EPA), especially for the vulnerable Appalachians. These should be added, as they are important in eastern streams (vs. salmonids in western streams).





4.7 Prairie Streams Case Study – seems well states, but outside my area of expertise.





4.8 Southwestern Streams Case Study - seems well states, but outside my area of expertise.





5 Wetlands …





5.3 – Riparian Wetlands and Floodplains – if these are bidirectional wetlands w/r to hydrologic flows, the same comments listed for 3.4 above, apply (repeated here) – Sec. 3.4 (e.g., p.59 lines 13-23) – Here, I do not see adequate mention of (or diagramming of) wetlands that have intimate contact with stream channels over long distances – where connectivity would be maximized. Examples would include saturated valley bottoms that remain permanently saturated at or near the surface yearround due to significant groundwater outputs with highly meandering streams, and/or broad landscapes with high water tables where the shallow stream channels highly meander through the terrain, with bog or marsh habitats lining the streambanks (e.g., muskeg, coastal plain freshwater emergent wetlands). These types of systems are NOT affected significantly by flood pulses or floodwaters, but rather they tend to have fairly constant water levels over time due to landscape position and high groundwater flows. Perhaps these are considered bidirectional systems in the report’s terminology? – NO, THEY ARE NOT.





5.3.2 – Inputs into and through riparian zones: Extensive work by Peter Groffman and others (NY, late 1990s, early 2000s) and CC Hoffman and others (Denmark, 1990s through late 2000s) should be considered for citations – multiple papers each.  See also, Mahaney et al. 2004.





5.3.3.3 – Wetland invertebrates (repeated comment from 3.4.3) - Should add more on aquatic invertebrates, e.g., obligates to stream or floodplain, vs. facultative species that move back and forth with fluctuating waters. Suzy Yetter (Yetter 2013, in Brooks and Wardrop 2013) has a good book chapter that proposes a model for this, including effects of degradation on the system. I can provide a copy.





5.4.4. - p.191 – The statement “Mammals that can disperse overland can also contribute to connectivity.” does not properly address the inherent importance of wetland- and riparian-dependent mammals to move long distances longitudinally and laterally through these systems, which in fact, is a measure of connectivity (i.e., requisite habitat, removal of prey, deposition of urine and feces, etc.). Also, the importance of these areas for habitat by resident and migratory bird species, sometimes numbering the 100,000s to millions of individuals, is not addressed. In addition to potential dispersal of algae, vascular plant seed, invertebrates, and disease organisms, massive amount of carbon and nitrogen can be displaced through foraging activities. For example, see:  Brooks 2013 (summarizing biological connectivity in streams and wetlands), and Spinola et al. 2008 (connectivity for otters).


The role of amphibians and reptiles is given minor consideration, but is insufficient. 


There is additional information provided in the vernal pool case study. (see Rocco et al. 2008 on importance of connectivity for bog turtles).


	


5.4.4 p.192 – Geographic isolation of unidirectional wetlands – Given the potential controversies surrounding connectivity of these types, this section should be more fully developed and researched from published literature. As written, it leaves the reader with a vague notion of what we do and do not know. 





5.4.5 – p.193 – Table 5-2 should be more comprehensive, or at least represent a sample of species from varied habitats (e.g., vernal pools, forested wetlands, arid specialists).





5.5 Wetlands Synthesis – This summary seems to have received unequal treatment compared to other summary sections. In particular, there is a lack of information on “fringing” wetlands, that border lake-like rivers with slow, meandering, but with unidirectional flows. Some of these systems are dammed, either by human-built dams, beaver dams, or other natural obstructions that impound waters, and some exist as deltaic types where river flows slow upon entering a lake or reservoir.  Perhaps collectively, the review panel can expand upon the literature cited. In particular, there is strong evidence of many different types of biological connections that can be described.





5.6 Oxbow lakes – For the most part, this brief synopsis does establish strong connectivity. The importance of fisheries (and corresponding biomass) is covered, but less so the dependency upon this resource by avian (herons, egrets, cormorants, etc.), mammalian (giant river otters, mink), and reptilian (caimans, other crocs, turtles) predators.





5.7 Carolina Bays - Coverage and documentation is thorough.





5.8 – Prairie Potholes – Coverage and documentation is quite thorough, but the tremendous importance and impact of the pothole landscape on migratory waterfowl and waterbirds should receive more emphasis. This region represents about 70+% of the breeding habitat for dabbling ducks, and when they move to other potholes, or migrate from the area, this represents a very large shift in biomass; food consumed, and the birds themselves. There are substantial studies in the wildlife literature documenting movements through radio- and satellite-telemetry among ponds, and along migratory flyways. The USFWS’s bird banding and recovery records are substantial, both in regard to local and continental movements. Many of these movements take birds from these “isolated” depressions to small and large rivers, oxbows, bottomland hardwood swamps of the SE, and estuarine wetlands and waters. These should be cited, as they confirm connectivity – albeit a different type than hydrologically-driven connectivity. 





5.9 – Vernal Pools – More details are needed and available. The book on vernal pools edited by Calhoun and DeMaynadier (2007) is cited, but not fully mined for relevant information. Julian (2009) provides examples of vernal pool hydrologic connectivity with significant information, summaries, and cited literature.





6 – Discussion and Conclusions – This section summarizes much of what is discussed and cited, but any identified gaps need to be added. Also, it would be more valuable to the reader if more bulleted lists and tables were used to list, compare, and contrast the findings.


 


Graphics and Tables throughout are simple and understandable, with descriptive captions.








Citations for possible addition to the references:





Brooks, RP, C. Snyder, and MM Brinson. 2006. Structure and functioning of tributary watershed ecosystems in the Eastern Rivers and Mountains Network: Conceptual models and vital signs monitoring. Natural Resources Report NPS/NER/NRR-2006/009. National Park Service, Philadelphia, PA. 88pp.





Brooks, RP, MM Brinson, KJ Havens, CS Hershner, RD Rheinhardt, DH Wardrop, DF Whigham, AD Jacobs, and JM Rubbo. 2011. Proposed hydrogeomorphic classification for wetlands of the Mid-Atlantic Region, USA. Wetlands 31(2):207-219.





Brooks, RP, and DH Wardrop, editors. 2013. Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.


    (Book published after report written, offers 5 (of 14) chapters as syntheses for relevant topics.)





Brooks, RP. 2013. Conservation and management of wetlands and aquatic landscapes: the vital role of connectivity. Pages 463-477, Chapter 14 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp. 





Brooks, RP, C Snyder, MM Brinson. 2013. Aquatic Landscapes: the importance of integrating waters. Pages 1-37, Chapter 1 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.





Hychka, KC. 2010. Characterizing hydrologic settings and hydrologic regimes of headwater riparian wetlands in the Ridge and Valley Pennsylvania. Dissertation, Geography.  Pennsylvania State University, University Park, PA 195pp.





Hychka, KC, RP Brooks, and CA Cole. 2013. Hydrology of Mid-Atlantic freshwater wetlands. Pages 109-127, Chapter 4 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.





Julian, James T.  2009. Evaluating amphibian occurrence models and the importance of small, isolated wetlands in the Delaware Water Gap National Recreational Area. Dissertation, Ecology.  Pennsylvania State University, University Park, PA  119pp.





Julian, JT, GL Rocco, MM Turner, and RP Brooks. 2013. Assessing wetland-riparian amphibian and reptile communities. Pages 313-337, Chapter 9 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp.  





Mahaney, WM, DH Wardrop, and RP Brooks. 2004. Impacts of sedimentation and nitrogen enrichment on wetland plant community development. Plant Ecology 175:227-243.





O’Connell, TJ, RP Brooks, SE Laubscher, RS Mulvihill, and TL Master.  2003.  Using bioindicators to develop a calibrated index of regional ecological integrity for forested headwater ecosystems.  Report No. 2003-01, Penn State Cooperative Wetlands Center, Final Report to U.S. Environ. Prot. Agency, STAR Grants Program, Washington, DC.  87pp.+app.





Rocco, G. L., R. P. Brooks, and J. T. Hite.  2004.  Stream plethodontid assemblage response (SPAR) index:  development, application, and verification in the MAHA.  Final Report.  U.S. Environmental Protection Agency, STAR Grants Program, Washington, DC.  Rep. No. 2004-01. Penn State Cooperative Wetlands Center, University Park, PA.  33pp+figs& app.





Rocco, GL, RP Brooks, RB McKinstry, and JF Thorne. 2008. Habitat Conservation Plan to establish conservation banks for the threatened bog turtle (Glyptemys muhlenbergii) in portions of Chester County, Pennsylvania and New Castle County, Delaware, Corresponding to the Delaware West Recovery Unit. Final Report to the Pennsylvania Fish and Boat Commission and U.S. Fish and Wildlife Service, Habitat Conservation Planning Grant (4100016440). Penn State Cooperative Wetlands Center, Pennsylvania State University, University Park, PA. 166pp.





Spinola, RM, TL Serfass, and RP Brooks. 2008. Survival and post-release movements of river otters translocated to western NY. Northeastern Naturalist 15(1):13-24.





Yetter, SL. 2013.  Freshwater invertebrates of the Mid-Atlantic Region. Pages 339-380-477, Chapter 14 in RP Brooks and DH Wardrop (eds.) Mid-Atlantic Freshwater Wetlands: Advances in science, management, policy, and practice. Springer Science+Business Media, 491+xiv pp. 








Charge Question 5(b). Comments on whether EPA’s findings and conclusions concerning directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes are supported by the available science. Lead discussants are: Drs. Robert Brooks, Emily Bernhardt, Michael Gooseff, Mark Murphy 





(Brooks) The primary topic in need of further elaboration, from my perspective, is the role of biological communities in providing scientifically-defensible connectivity among wetlands and streams/rivers. More can be included from Karr and Chu (1998) on the significance of biological integrity of these systems. [I will draw from comments above, and from O’Connell et al. 2003.]





Writing assignment:


Lentic systems: wetlands and open waters with potential for unidirectional hydrologic flows to rivers and lakes, including geographically isolated wetlands (charge questions 5a and 5b): Drs. Ali, Josselyn, Johnson (5a), Brooks, Bernhardt (5b), Gooseff, Murphy 
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TECHNICAL CHARGE QUESTIONS – Responses from Kurt D. Fausch, Colorado State University – 7 December 2013





Overall Clarity and Technical Accuracy of the Draft Report 





1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 


Overall, I found the report structured logically, well written, and rather thorough.  Therefore, I spent most time considering what might be useful to clarify, or add to the report, and present comments on this by section, page, and line number below.  The sentence of concern is first shown in quotes, followed by my comments in bold.





Executive Summary


P 1-3 line 20:  Streams are biologically connected to downstream waters by the dispersal and migration of aquatic and semiaquatic organisms, including fish, amphibians, plants, microorganisms, and invertebrates, that use both up- and downstream habitats during one or more stages of their life cycles, or provide food resources to downstream communities. – Semi-aquatic mammals and birds may also contribute substantial nutrient and carbon flux to downstream waters, although this has not been measured.  For example, tens of thousands of birds of several species used Yellowstone Lake, which is directly connected to the Yellowstone River, the longest undammed river in the conterminous US (see Gresswell 2011).





Gresswell, R. E.  2011. Biology, status, and management of the Yellowstone cutthroat trout.  North American Journal of Fisheries Management 31:782-812.





P 1-5, line 34 : We have identified five functions by which streams, wetlands, and open-waters influence material transport into downstream waters: 





· Source: the net export of materials, such as water and food resources; 


· Sink: the net removal or storage of materials, such as sediment and contaminants; 


· Refuge: the protection of materials, especially organisms; 


· Transformation: the transformation of materials, especially nutrients and chemical contaminants, into different physical or chemical forms; and 


· Lag: the delayed or regulated release of materials, such as storm water. 


What seems missing in this list is the function of connectivity itself, or transport pathways.  Without the connections, many organisms would be extirpated (and often are).





P 1-6, line 33: Streams are biologically connected to downstream waters by the dispersal and migration of aquatic and semiaquatic organisms, including fish, amphibians, plants, microorganisms, and invertebrates, that use both up- and downstream habitats during one or more stages of their life cycles, or provide food resources to downstream communities.





P 1-8, line 29; Headwaters provide critical habitat during one or more life cycle stages of many organisms capable of moving throughout river networks. This review found strong evidence that headwaters provide habitat for complex life-cycle completion, refuge from predators or adverse physical conditions in rivers, and reservoirs of genetic- and species-level diversity. Use of headwater streams as habitat is especially obvious for the many species that migrate between small streams and marine environments during their life cycles (e.g., Pacific and Atlantic salmon, American eels, certain lamprey species), and the presence of these species within river networks provides robust evidence of biological connections between headwaters and larger rivers. In prairie streams, many fishes swim upstream into tributaries to release eggs, which develop as they are transported downstream. Small streams also provide refuge habitat for riverine organisms seeking protection from temperature extremes, flow extremes, low dissolved oxygen, high sediment levels, or the presence of predators, parasites, and competitors.


I think it will be important to emphasize that a wide variety of organisms (especially fishes) in downstream waters move upstream into headwater habitats (even those that are intermittent or seasonally dry) to use them for key life history stages such as spawning, rearing, or refuging.  Examples include not only anadromous salmon, eels, and lampreys, but many wholly freshwater fishes that have fluvial (living as adults in rivers and spawning in tributaries), adfluvial (living as adults in lakes and spawning in rivers or streams), and even “resident” life histories (living wholly in a river or stream).  As a result, connectivity is not simply a one-way street of materials and organisms moving downstream from headwaters to larger rivers, but a complex interaction among organisms throughout the network, which can move organic carbon and critical nutrients upstream into headwaters as well.  I present a variety of examples below with references to support this point.
























































Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function 





2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report.








P 3-8, line 19  -  “Note that our usage of unidirectional and bidirectional is limited to the direction of hydrologic flow, and should not be construed as suggesting directionality of geochemical or biological flows. For example, mobile organisms can move from a stream to a unidirectional wetland (e.g., Subalusky et al., 2009a; Subalusky et al., 2009b). In Alaska, transport of live salmon or their carcasses from stream to riparian area by brown bears (Ursus arctos) may account for over 20% of riparian nitrogen budgets (Helfield and Naiman, 2006). While this occurs within a bidirectional setting, it serves as an example of how geochemical fluxes can be decoupled from hydrologic flows.”  I agree that this is a very important distinction.  Biological organisms can swim, crawl, walk, run, or fly upstream or laterally to place key life history stages in perennial, intermittent, or ephemeral stream channels, or in wetlands connected in various ways, and populations can be lost or put at risk of extirpation if these connections are lost.





Page 3-9, line 18  - “Groundwater refers to any water that occurs and flows in the saturated zone beneath a watershed surface (Winter et al., 1998).”  This is a detail, but given that the unsaturated zone also contains some water, what is this water called?  Is it not also groundwater?





Page 3-14, line 31 – “The relative importance of these different hydrologic flowpaths among river systems varies, creating streams and rivers with different flow duration (or hydrologic permanence) classes (see Figure 3-7). Perennial streams or stream reaches (see Figure 3-7a) typically flow year-round, and are maintained by local or regional groundwater discharge or streamflow from higher in the stream or river network. Intermittent streams or stream reaches (see Figure 3-7b) flow continuously, but only at certain times of the year (e.g., during certain seasons such as spring snowmelt); drying occurs when the water table drops lower than the channel bed elevation. Ephemeral streams or stream reaches (see Figure 3-7c) flow briefly (typically hours to days) during and immediately following precipitation; these channels are above the water table at all times.”  I’m not sure whether here, or elsewhere, it is clear that changes from intermittent to perennial can occur not only seasonally, but also between years, because channels may change from intermittent to perennial over long segments and flow during wet years, whereas they may be intermittent or dry (ephemeral) over these long segments during dry years (see maps and figures in Scheurer et al. 2003, Falke et al. 2011, cited in the report).





P 3-25, line 16, Section 3.3.1 - “Leibowitz et al. (2008) identified three functions, or general mechanisms of action, by which streams and wetlands influence material fluxes into downstream waters: source, sink, and refuge. We have expanded on this framework to include two additional functions: lag and transformation. These five functions (summarized in Table 3-1) provide a framework for understanding how physical, chemical, and biological connections between streams and wetlands and downstream waters influence river systems.”  Here again, what is missing, and critical to biological organisms, is the concept of connectivity itself.  Aquatic organisms need connections among critical habitats for each life stage, or risk mortality because these connections are lacking.  “Materials” in the footnote to Table 3-1 include organisms and reproductive propagules.





P 3-28, line 1 – “3.3.2.1. Connectivity and Isolation The functions discussed above represent general mechanisms by which streams and wetlands influence downstream waters. For these altered material fluxes to affect a river, however, transport mechanisms that deliver (or could deliver) these materials to the river are necessary. Connectivity describes the degree to which components of a system are connected and interact through various transport mechanisms; connectivity is determined by the characteristics of both the physical landscape and the biota of the specific system. This definition is related to, but is distinct from, definitions of connectivity based on the actual flow of materials between system components (e.g., Pringle, 2001).”  This section seems confusing, because after much information above about how physical and chemical materials are transported, then reference to biota and the importance of connectivity appears suddenly here.  This key function is what was missing just above in Table 3-1 and the description on p 3-25.  In addition, the last sentence here sets up two different meanings of connectivity, but the difference between them is not explained.  Likewise, given the new focus on biota in this section, the references by Fausch et al. (2002) and Fausch (2010) which focus on the importance of connectivity for fish might be added to the references on theory at the end of this paragraph (although the first paper is also referenced in the next paragraph).





Fausch, K. D. 2010.  A renaissance in stream fish ecology.  American Fisheries Society Symposium 73:199-206.





P 3-28, line 30 – “Movements include dispersal, or movement away from an existing population or parent organism; migration, or long-distance movements undertaken on a seasonal basis; localized movement over an organism’s home range to find food, mates, or refuge from predators or adverse conditions; and movement to different habitats to complete life-cycle requirements. At the population and species levels, dispersal and migration contribute to persistence at local and regional scales via colonization of new habitats (e.g., Hecnar and McLoskey, 1996; Tronstad et al., 2007), location of mates and breeding habitats (Semlitsch, 2008), rescue of small populations threatened with local extinction (Brown and Kodric-Brown, 1977), and maintenance of genetic diversity (e.g., Waples, 2010). These movements can result from passive transport by water, wind, or other organisms (e.g., birds, terrestrial mammals), from active movement with or against water flow (e.g., upstream fish migration), or from active movement over land (for biota capable of terrestrial dispersal) or through the air (for birds or insects capable of flight). Thus, biological connectivity can occur within aquatic ecosystems or across ecosystem or watershed boundaries, and it can be multidirectional. For example, biota can move downstream from perennial, intermittent, and ephemeral headwaters to rivers, upstream from estuaries to rivers to headwaters, or laterally between floodplain wetlands, geographically isolated wetlands, rivers, lakes, or other water bodies. Significant biological connectivity can also exist between aquatic and terrestrial habitats (Nakano et al., 1999; Gibbons, 2003; Baxter et al., 2004), but here we focus on connections among components of aquatic systems.”  A few details might be important here: 1) migration is usually referred to not only as seasonal but also cyclical (“….long distance cyclical movements….”) because organisms eventually return to the same place at the same life stage; 2) localized movements (often called ranging behavior) can also contribute to persistence via colonization of newly created habitats (e.g., Gowan and Fausch 1996a, 1996b); 3) in the last sentence, a review by Baxter et al. (2005) could be a useful reference, in addition or to replace another.





Baxter, C. V., K. D. Fausch, and W. C. Saunders.  2005.  Tangled webs: reciprocal flows of invertebrate prey link streams and riparian zones.  Freshwater Biology 50:201-220.





Gowan, C., and K. D. Fausch.  1996a.  Long-term demographic responses of trout populations to habitat manipulation in six Colorado streams.  Ecological Applications 6:931-946.





Gowan, C., and K. D. Fausch. 1996b. Mobile brook trout in two high-elevation Colorado streams: re-evaluating the concept of restricted movement. Canadian Journal of Fisheries and Aquatic Sciences 53:1370-1381.





P 3-29, line 21 – “The form of the exported material can change as it moves down the river network (see Figure 3-14), however, making quantitative assessments of the importance of individual stream and wetland resources within the entire river system difficult. For example, organic matter can be exported from headwater streams and consumed by downstream macroinvertebrates (see Figure 3-14). Those invertebrates can drift farther downstream and be eaten by juvenile fish that eventually move into the mainstem of the river, where they feed further and grow.”  Would it be useful to continue this example and report that adult fish could then migrate upstream to spawn, and some of them then die, thus transporting nutrients and materials back to the headwaters?  Examples might include not only salmon but Prochilodus migrations in Venezuelan rivers studied by Alex Flecker and Pete McIntyre of Cornell University (McIntyre et al. 2007; Flecker et al. 2010; McIntyre is now at UW Madison).  Even populations of small minnows may move upstream some to many kilometers throughout their life cycle to spawn (see Schlosser 1987, and review in Fausch and Bestgen 1997, both cited in the report).  Figure 3-14 also lacks any arrows showing that biota may move upstream and transport materials and nutrients into the headwaters. 





Flecker, A.S., P.B. McIntyre, J.W. Moore, J.T. Anderson, B.W. Taylor, and R.O. Hall. 2010. Migratory fishes as material and process subsidies in riverine ecosystems. American Fisheries Society Symposium 73:559-592.


McIntyre, P.B., L.E. Jones, A.S. Flecker, and M.J. Vanni. 2007. Fish extinctions alter nutrient recycling in tropical freshwaters. Proceedings of the National Academy of Sciences 104: 4461-4466. 








P 3-29, line 33 “The opposite of connectivity is isolation, or the degree to which transport mechanisms (i.e., pathways between system components) are lacking; isolation acts to reduce material fluxes between system components.”  Lacking here also is any mention of the effects of isolation on preventing biota from moving downstream, and upstream, and hence also preventing the nutrients and materials they carry from being transported.  See McIntyre et al. (2007) above, and Helfield and Naiman (2006) cited in the report for the significance of these biological transport mechanisms.





P 3-30, line 3 “Increased isolation can decrease the spread of pathogens (Hess, 1996) and invasive species (e.g., Bodamer and Bossenbroek, 2008), and increase the rate of local adaptation (e.g., Fraser et al., 2011). Thus, both connectivity and isolation should be considered when examining material fluxes from streams and wetlands, and biological interactions should be viewed in light of the natural balance between these two factors.”  The tradeoff between invasion and isolation for salmonids has been reviewed in Fausch et al. (2009; cited elsewhere), which might be a useful reference here.  The second sentence seems awkward, and might be better cast as “Thus, both connectivity and isolation should be considered when examining material fluxes from streams and wetlands via physical factors as well as movements of biota.”,  or something similar.





P 3-30, line 13 “This can introduce a lag between the time when the function occurs and the time when the material arrives at the river. In addition, the distribution of streams and wetlands can be a function of their distance from the mainstem channel. For example, in a classic dendritic network there is an inverse geometric relationship between number of streams and stream order. In such a case, the aggregate level of function could potentially be greater for terminal source streams, compared to higher order or lateral source streams.”  The meaning here is rather opaque, and I wonder if it could be simplified?  The point appears to be that because there are many more first order streams than any other size, any functions they provide can be very important, so although first-order streams are small (and hence easily modified) they should be protected.





P 3-32, line 10 – “Perennial streams have year-round connectivity with a downstream river, while intermittent streams have seasonal connectivity. The temporal characteristics of connectivity for ephemeral streams depend on the duration and timing of storm events.”  I’m not sure whether it is relevant, but connectivity can also change markedly owing to human effects, such as pumping groundwater.  See Falke etal. (2011, cited in the report), for an example from the western Great Plains, where a river system that originally had many ephemeral and intermittent reaches in the headwaters has now become disconnected at its downstream end and made largely intermittent throughout, and is projected to dry up within about 35 years.





P 3-32, line 21 – “When dispersal, migration, and other forms of biotic movement are mediated by the flow of water, biological and hydrologic connectivity can be tightly coupled. For example, seasonal flooding of riparian/floodplain wetlands creates temporary habitat that fish, aquatic insects, and other organisms use (Smock, 1994; Robinson et al., 2002; Tronstad et al., 2007).”  Although there are many references to the coupling of hydrological and biological connectivity in this paragraph, several about dispersal of small fish into riparian wetlands adjacent to an intermittent Great Plains river to spawn might be useful here (Falke et al. 2010a, 2010b, Falke and Fausch 2010, 2012; the first listed is already cited in the report), given the focus of the report on intermittent systems.





Falke, J. A., and K. D. Fausch.  2010.  From metapopulations to metacommunities: linking theory with empirical observations of the spatial population dynamics of stream fishes.  American Fisheries Society Symposium 73:207-233.





Falke, J. A., K. D. Fausch, K. R. Bestgen, and L. L. Bailey.  2010b.  Spawning phenology and habitat use in a Great Plains, USA, stream fish assemblage: an occupancy estimation approach.  Canadian Journal of Fisheries and Aquatic Sciences 67:1942-1956.





Falke, J. A., L. L. Bailey, K. D. Fausch, and K. R. Bestgen.  2012.  Colonization and extinction in dynamic habitats: an occupancy approach for a Great Plains stream fish assemblage.  Ecology 93:858-867.





P 3-33, line 1 – “Riverbeds or streambeds that temporarily go dry are utilized by aquatic biota having special adaptations to wet and dry conditions, and can serve as egg and seed banks for a number of organisms, including aquatic invertebrates and plants (Steward et al., 2012).”  Examples of fish that can quickly recolonize long segments of dry channels when they become wet again, in western Great Plains streams, can be found in the following publications, several of which are cited later in the report, as well as those by Falke et al. cited just above.





Fausch, K. D., and R. G. Bramblett.  1991.  Disturbance and fish communities in intermittent tributaries of a western Great Plains river.  Copeia 1991:659-674.





Lohr, S. C., and K. D. Fausch. 1997.  Multiscale analysis of natural variability in stream fish assemblages of a western Great Plains watershed.  Copeia 1997: 706-724.





Labbe, T. R., and K. D. Fausch.  2000.  Dynamics of intermittent stream habitat regulate persistence of a threatened fish at multiple scales.  Ecological Applications 10:1774-1791.





Scheurer, J. A., K. D. Fausch, and K. R. Bestgen.  2003.  Multi-scale processes regulate brassy minnow persistence in a Great Plains river.  Transactions of the American Fisheries Society 132:840-855.





P 3-33, line 26 “Annual runoff generally reflects water surplus and varies widely across the United States (see Figure 3-15). Seasonality of water surplus during the year determines when and for how long runoff and groundwater recharge occur. Precipitation and water surplus in the eastern United States is less seasonal than in the West (Finkelstein and Truppi, 1991). The Southwest experiences summer monsoonal rains (see Section 4.8), while the West Coast and Pacific Northwest receive most precipitation during the winter season (Wigington et al., 2012). Throughout the West, winter precipitation in the mountains occurs as snowfall, where it accumulates in seasonal snowpack and is released during the spring and summer-melt seasons to sustain streamflow during late spring and summer months (Brooks et al., 2012).”  In this section, it would seem very useful to cite Poff (1996, already cited in the report) as well as the original Poff and Ward (1990), given LeRoy Poff’s focus on developing a typology of flow patterns for use in explaining ecological characteristics of biota in streams and rivers.





Poff NL, Ward JV. 1989. Implications of streamflow variability and predictability for lotic community structure: a regional analysis of streamflow patterns. Canadian Journal of Fisheries and Aquatic Sciences 46:1805-1818.





P3-34, Figure 3-15 – I wonder if it would be better to expand the Y-axes on these figures (perhaps by converting this from landscape to portrait), because this would facilitate comparison of these flow regimes.  At present, they look “flat” and are not that easy to compare.  Likewise, the 3-dimensional plots in papers by Poff (cited above) make the point more clearly about the timing and predictability of flows in different regions and types.





P 3-36, Figure 3-16 – Although I realize that this figure is modified from another publication, I was surprised to see the extensive groundwater table beneath the mountains in Panel A. Mountain Valley.  Although I suppose some mountains are made of porous bedrock, many others are not, and so the water table would be limited to the colluvium near the stream channel, wouldn’t it?  (I am not a hydrologist, so others would be better to comment here).  However, perhaps all of this is covered in Figure 3-17, which I saw next.  Likewise, I found more discussion of how impermeable vs. porous bedrock in mountainous terrain can alter flow regimes, on P 3-40, in reference to Figure 3-15.





P 3-38, line 1  - “Rivers and wetlands can shift from losing reaches (or recharge wetlands) during dry conditions to gaining reaches (or discharge wetlands) during wet conditions. Wet, high water-table conditions influence both groundwater and surface water connectivity. When water tables are near the watershed surface, they create conditions in which swales and small stream channels fill with water and flow to nearby water bodies (Wigington et al., 2003; Wigington et al., 2005).”  As an added complexity, irrigation can raise water tables and cause ephemeral channels to flow, sometimes creating perennial streams.  See Groce et al. (2012) for a case where an imperiled fish species was translocated to these “new” streams, which are sustained by flood irrigation via canals that divert water from a major river nearby, in the western Great Plains.





Groce, M. C., K. D. Fausch, and L. L. Bailey.  2012.  Evaluating the success of Arkansas darter translocations in Colorado: an occupancy sampling approach.  Transactions of the American Fisheries Society 141:825-840.





P 3-43, line 3 – “Biological connectivity among streams and wetlands is also influenced by distance from the river network. For example, mortality of a given organism due to predators and natural hazards generally increases with the distance it has to travel. The likelihood that organisms or propagules traveling randomly or by diffusive mechanisms such as wind will arrive at the river network decreases as distance increases.”  Overall, this short paragraph about the role of distance in branching networks on connectivity for biological organisms seems inadequately brief.  Bill Fagan and his colleagues (e.g., Evan Campbell-Grant) and Winsor Lowe and his have written extensively on this topic in various publications (Fagan 2002, Grant et al. 2007, Lowe et al. 2006, all but the last cited in the report), and some of the newer literature for fish (e.g., Schick and Lindley 2007) is reviewed in Fausch (2010, see above).





Lowe, W. H., G. E. Likens, and M. E. Power. 2006.  Linking scales in stream ecology. BioScience 56:591–597.





Schick, R. S., and S. T. Lindley. 2007. Directed connectivity among fish populations in a riverine network. Journal of Applied Ecology 44:1116–1126.





P 3-47, line 1:  “Biological connectivity results from the interaction of physical characteristics of the environment―especially those promoting or restricting dispersal―and species’ traits or behaviors, such as life-cycle requirements, dispersal ability, or responses to environmental cues. Thus, the biota within a river system are integral in determining its connectivity, and species traits that necessitate or facilitate movement of organisms or their reproductive elements tend to increase biological connectivity among water bodies.”  As above, the first phrase in the second sentence here introduces confusion about the ideas of connectivity as they relate to biota.  Movements of biota are blocked when connectivity is severed, but the biota do not determine the physical connectivity.  Perhaps the point could be made by using the useful distinction between “structural” vs. “functional” connectivity for organisms (Crooks and Sanjayan 2006; see also this entire book titled Connectivity Conservation).  Structural connectivity refers to physical connections, as when water flows between two reaches, whereas functional connectivity refers to actual use by organisms of these pathways.





Crooks, K. R., and M. A. Sanjayan.  2006. Connectivity conservation: maintaining connections for nature.  Pages 1-19 in K. R. Crooks and M. Sanjayan, editors.  Connectivity conservation.  Cambridge University Press.





P 3-47, line 14 – “For example, many Pacific salmon species spawn in headwater streams, where their young grow for a year or more before migrating downstream, living their adult life stages in the ocean, and then migrating back upstream to spawn. Many taxa can also exploit temporary hydrologic connections between rivers and floodplain wetland habitats, moving into these wetlands to feed, reproduce, or avoid harsh environmental conditions and then returning to the river network (Copp, 1989; Junk et al., 1989; Smock, 1994; Richardson et al., 2005; Falke et al. 2010a Trans Amer Fish Soc, cited elsewhere in the report). Biological connectivity does not solely depend on diadromy, however, as many nondiadromous organisms are capable of significant movement within river networks. For example, organisms such as pelagic-spawning fish and mussels release eggs or larvae that disperse downstream with water flow (e.g., Platania and Altenbach, 1998; Dudley and Platania 2007; Schwalb et al., 2010); many fish swim significant distances both upstream and downstream (e.g., Gorman, 1986; Schlosser 1987, cited elsewhere; Hitt and Angermeier, 2008); and many aquatic macroinvertebrates actively or passively drift downstream (e.g., Elliott, 1971; Müller, 1982; Brittain and Eikeland, 1988; Elliott, 2003). Taxa capable of movement over land, via either passive transport (e.g., wind dispersal or attachment to animals capable of terrestrial dispersal; Grant et al. 2010, cited elsewhere) or active movement (e.g., terrestrial dispersal or aerial dispersal of winged adult stages), can establish biotic linkages between river networks and wetlands, as well as linkages across neighboring river systems (Hughes et al., 2009).”  I suggest adding the references in bold here.





Dudley, R. K., and S. P. Platania.  2007.  Flow regulation and fragmentation imperil pelagic-spawning riverine fishes.  Ecological Applications 17:2074-2086.





Section 3.4.3 on Biota, at less than a page, also seems too brief to adequately address the importance of connectivity for biota, and of these mobile biota for the functioning of lotic ecosystems and their watersheds.  For this report, an understanding of the structural connectivity for, and functional connectivity of, biota is important for at least two key reasons:





1. These organisms can transport large amounts of nutrients (e.g., N and P) and carbon in a direction against the flow of water and gravity (Flecker et al. 2010).  The nutrients transported by salmon are well known, but in the original condition similar fish migrations were common in many wholly freshwater ecosystems, such as by fishes like walleye and lake trout emigrating from the Great Lakes into tributary streams (e.g., Mion et la. 1998), and even small minnows from larger streams into the headwaters (Schlosser 1987).  Pete McIntyre has studied migrations of suckers from Lake Michigan into tributaries (although apparently as yet unpublished), and Gresswell (2011) reported migrations of tens of thousands of Yellowstone cutthroat trout from Yellowstone Lake into each of several tributaries to spawn (sadly, now lost owing to lake trout invasion).  Much of this biomass, and the nutrients incorporated in it, was eaten by mammals and birds and the nutrients transferred into riparian areas to fuel the growth of plants (Helfield and Naiman 2006; Koel et al. 2005; Gresswell 2011).  Overall, we are just beginning to appreciate the nutrient fluxes that have been lost when functional connectivity of biota is lost, and how these drove ecosystems.





2. Many species of fish and other organisms have several to many life history types, which use different habitats dispersed throughout river ecosystems, and hence are differently affected when connectivity is blocked (see Fausch et al. 2002 for general discussion, cited elsewhere).  Importantly, many of these taxa are also imperiled, and those that move the longest distances are often listed as threatened or endangered under the Endangered Species Act.  Therefore, the issue of connectivity intersects other important Federal legislation via these fish and other organisms.  Moreover, these listings are now altering many water resource management decisions (e.g., stopping or requiring alterations of reservoir construction plans, and changing flow releases from established reservoirs) with major economic impacts, especially in the West.  A few examples of these diverse life history types and imperiled species include:





a. Salmon, of course, and these species often have several to many different life history types in river basins.  For example, a short 30-mile-long coastal river in Oregon was found to have five different life history types of Chinook salmon, and five more of coho salmon.  Oregon coastal coho are a threatened Evolutionarily Significant Unit under the ESA.  Each of the 10 life history types of these salmon reared for different periods in different parts of the basin, from headwaters to estuaries (e.g., Bottom et al. 2005).  Reconnecting tributaries that traverse salt marshes in the river’s estuary (blocked and leveed to create dairy pastures) restored several key life history types that had declined. 





b. Federally endangered razorback sucker and Colorado pikeminnow use seasonally flooded backwaters (bidirectional wetlands, in the parlance of this report) for rearing of the larval through juvenile life stages (Bestgen et al. 2006, 2007; Zelasko et al. 2010), and restoration of backwaters that were lost is a major issue for recovery of these species.





c. Federally endangered Rio Grande silvery minnow are one of the guild of southern Great Plains fish species described in the report that spawn semi-buoyant eggs, which develop and hatch while drifting downstream.  The adults then make their way upstream long distances over the course of the lives.   Dudley and Platania (2007) showed that the entire guild of these small minnows in the Rio Grande and Pecos rivers, described as “pelagophils”, have been lost in segments that were shorter than 100 km owing to fragmentation by dams and diversions. Thus, 3-inch minnows like these can require 100 km of river habitat to persist.





Bestgen, K. R., D. W. Beyers, J. A Rice, and G. B. Haines. 2006. Factors affecting recruitment of young Colorado pikeminnow: synthesis of predation experiments, field studies, and individual-based modeling.  Transactions of the American Fisheries Society 135:1722–1742.





Bestgen, K. R. and 12 coauthors.  2007. Population Status of Colorado Pikeminnow in the Green River Basin, Utah and Colorado.   Transactions of the American Fisheries Society 136:1356-1380.





Bottom, D. L., K. K. Jones, R. J. Cornwell, A. Gray, and C. A. Simenstad.  2005.  Patterns of Chinook salmon migration and residency in the Salmon River estuary (Oregon).   Estuarine, Coastal, and Shelf Science 64:79-93.





Flecker, A.S., P.B. McIntyre, J.W. Moore, J.T. Anderson, B.W. Taylor, and R.O. Hall. 2010. Migratory fishes as material and process subsidies in riverine ecosystems. American Fisheries Society Symposium 73:559-592.





Gresswell, R. E.  2011. Biology, status, and management of the Yellowstone cutthroat trout.  North American Journal of Fisheries Management 31:782-812. 





Koel, T. M., P. E. Bigelow, P. D. Doepke, B. D. Ertel, and D. L. Mahony. 2005. Nonnative lake trout result in Yellowstone cutthroat trout decline and impacts to bears and anglers. Fisheries 30(11):10–19.





Mion, J. B., R. A. Stein, and E. A. Marschall. 1998. River discharge drives survival of larval walleye. Ecological Applications 8:88–103.


Zelasko, K. A., K. R. Bestgen, and G. C. White.  2010. Survival rates and movement of hatchery-reared razorback suckers in the upper Colorado River Basin, Utah and Colorado. Transactions of the American Fisheries Society 139:1478–1499.





Page 3-47, Section 3.4.4. Human Activities and Alterations – Depending on the purpose of the report, this section also appears brief, and could be expanded greatly.  Some references to these human-caused alterations are given above, such as groundwater pumping for agriculture and its effects on streamflow and connections required by fish for persistence of their populations (e.g., see Falke et al. 2011).








Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 





3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








P 4-1, line 5 - “Substantial evidence supports physical, chemical, and biological connections from headwater streams―including those with ephemeral, intermittent, and perennial flows―to waters immediately downstream through transport of water and associated materials, as well as movement of organisms and reproductive propagules, and bidirectional geomorphic adjustments.”  Movement of organisms is also bidirectional, not just in the downstream direction.  For example, many fish move upstream into headwater reaches to spawn, transporting carbon and nutrients and potentially colonizing or invading new habitats.





P 4-1, line 15 – “Infrequent, high-magnitude events are especially important for transmitting materials from headwater streams in most river networks.”  Although this may be true for some materials like large wood, I suspect that geomorphologists would argue that an intermediate discharge (the effective discharge, in their parlance, as I recall) would transport the most sediment.  Likewise, I assume that biogeochemists might have a different view, for solutes, for example.  As a result, I wonder about this statement.





General comment:  Parts of Chapter 4 appear to repeat information already presented in Chapter 3, such as that low-order headwater channels make up most of the miles of channels in any basin.  Might this redundancy be reduced?





P 4-2, line 24 “For example, over 80% of mapped (1:25,000 scale topographic maps) stream terminuses in a Massachusetts watershed that were surveyed underestimated the upstream extent of the channels (Brooks and Colburn, 2011). On average these unmapped upstream segments were nearly 0.5 km in length and 40% had one or more upstream tributaries (Brooks and Colburn, 2011).”  At what flow were these channels examined?





P 4-13, line 12 “Wood entering headwater streams can affect the downstream transport of water and materials in headwater streams, but also can be transported downstream from headwater streams where it is important habitat for aquatic life, a source of dissolved and particulate organic matter (POM), and influential in controlling hydrodynamics and channel morphology of rivers.”  I’m not sure if references to support the importance of wood in creating habitat for aquatic biota (in this case, fish) would be helpful, but below are several that might be useful.





Fausch, K. D., and T. G. Northcote.  1992.  Large woody debris and salmonid habitat in a small coastal British Columbia stream.  Canadian Journal of Fisheries and Aquatic Sciences  49:682-693.





Gowan, C., and K. D. Fausch.  1996.  Long-term demographic responses of trout populations to habitat manipulation in six Colorado streams.  Ecological Applications 6:931-946.





Fausch, K. D., and M. K. Young.  2004.  Interactions between forests and fish in the Rocky Mountains of the USA. Pages 463-484 in T. G. Northcote and G. F. Hartman, editors.  Fishes and Forestry: Worldwide Watershed Interactions and Management.  Blackwell Science, Oxford, U.K. 





P4-15, line 17 “Despite having a relatively minor effect on temperature over the length of entire rivers, however, streams provide constant cold-water habitats that are important for aquatic life (see Section 4.5.2).”  The real power and significance in the work by Torgersen et al. is in linking longitudinal “snapshots” of river temperatures along 30-60 km of rivers like the John Day River in OR to fish habitat and fish distribution, to explain how fish like imperiled Chinook salmon in this Columbia River tributary actually access and use the habitats that are critical to their survival.  A summary of this linkage, using this example of infrared thermal imagery, is provided in Fausch et al. (2002, cited in the report).  Chinook salmon ascend the river in mid-summer, and must find the unique combination of large-volume pools with cool temperatures in which to find refuge until they spawn in the fall.  The importance of longitudinal river connectivity and these thermal characteristics to the habitat requirements of salmon was not entirely clear before this “riverscape” scale analysis.





P4-22, line 10 “Leaf litter contributes an average of 50% of the organic matter inputs to forested headwater streams (Benfield, 1997), but leaves and leaf fragments (>1 mm) only account for 2% or less of organic matter exports (Naiman and Sedell, 1979; Wallace et al., 1982; Minshall et al., 1983).”  I wonder how this compares or relates to the finding of Finlay (2001) based on analysis of studies using stable isotopes, that only in quite small headwater streams (watershed area < 10 km2) does allochthonous material (leaves and wood) make up the majority of organic carbon that fuels the food web (i.e., only these small streams are heterotrophic).  Even in shaded headwater streams many of the invertebrates are built from algal carbon, which has a low standing biomass but a high turnover rate owing to higher palatability and rapid grazing by invertebrates.  Thus, although leaves and wood appear to provide a large pool of carbon, they are much less palatable and are processed and used at a much slower rate.  See also Finlay et al. (2002) for very interesting results based on a particular study river, the Eel River in northern California.





Finlay, J. C. 2001.  Stable carbon isotope ratios of river biota: implications for energy flow in lotic food webs.  Ecology 84:1052-1064.





Finlay, J. C., S. Khandwala, and M. E. Power.  2002.  Spatial scales of carbon flow in a river food web.  Ecology 83:1845-1859.








P 4-29, line 9 – “Biological connections are linkages between headwater streams, including those with intermittent and ephemeral flow, and their downstream waters that are mediated by living organisms or organism parts. In this section, we examine biological connections in terms of the materials (invertebrates, fishes, and genes) that move along river networks, and their effects on downstream waters (for discussion of particulate organic matter dynamics, see Section 4.4.2).”  As in Chapter 3, the connections of biota between headwaters and other reaches are assumed to occur in a downstream direction, yet fish and some invertebrates make substantial upstream movements (or among tributaries in some cases, for invertebrates) during parts of their life cycles, and this should be acknowledged. 





A key conceptual paper missing from the report is by Wipfli and Baxter (2010), which links processes at scales from fishless tributaries to oceans, including organic matter, nutrients, invertebrates, and fish.  Many of the examples used to support the model are from their extensive work on these connections, such as in Alaska watersheds.





Wipfli, M. S., and C. V. Baxter.  2010.  Linking ecosystems, food webs, and fish production: subsidies in salmonid watersheds.  Fisheries (Bethesda) 35:373-387.





However, I see that the next paragraph acknowledges the upstream and lateral movement of organisms, although no references are cited to support this, which is an omission.





P4-29, line 24 “For downstream organisms capable of significant upstream movement, headwater tributaries can increase both the amount and quality of habitat available to those organisms. Under adverse conditions, small streams provide refuge habitat, allowing organisms to persist and recolonize downstream areas once adverse conditions have abated (Meyer and Wallace, 2001; Meyer et al., 2004; Huryn et al., 2005).”  A more complete model of habitat use, at least for stream fishes, is provided by Schlosser and Angermeier (1995), and developed further in Falke and Fausch (2010).  This theoretical model rests on two key points:  1) Critical habitats on which fish depend for spawning, rearing/growing, and refuging are dispersed throughout watersheds, often at some distance, even for small fishes like minnows; and 2) These habitats are linked together by fish movement, again often over substantial distances, even for small fishes.  Thus, headwaters may indeed provide refuge habitat, but may also be used for spawning, or rearing, depending on the species and life stage.  These fish movements link even intermittent headwaters with downstream reaches through these biological connections.  Loss of critical habitats can mean loss of species.





Falke, J. A., and K. D. Fausch.  2010.  From metapopulations to metacommunities: linking theory with empirical observations of the spatial population dynamics of stream fishes.  American Fisheries Society Symposium 73:207-233.





Schlosser, I. J., and P. L. Angermeier. 1995. Spatial variation in demographic processes in lotic fishes: conceptual models, empirical evidence, and implications for conservation. American Fisheries Socity Symposium 17:360-370.





P 4-29, line 33 – “These aquatic and terrestrial invertebrates can be transported downstream with water flow and ultimately serve as food resources for downstream biota.”  This is another place which could profit from citing the Wipfli and Baxter (2010) synthesis.





P4-30, line 16 – “As with organic matter, assessing the effect of headwater invertebrate production and export on downstream waters is difficult. Wipfli and Gregovich (2002) estimated that drifting insects and detritus (i.e., particulate organic matter; see Section 4.4.2) from fishless headwater tributaries in Alaska supported between 100 and 2,000 young-of-year salmonids per km in a large, salmon-bearing stream. This estimate of headwater importance in systems where juvenile salmonids move into headwater tributaries to feed and grow is likely conservative (see Section 4.5.2). Other studies have shown increased fish growth with increased invertebrate drift (Wilzbach et al., 1986; Nielsen, 1992; Rosenfeld and Raeburn, 2009), indicating that drift does provide a valuable food resource, especially when food is limiting (Boss and Richardson, 2002).”  One issue about invertebrates that becomes muddled by this point is the distinction between secondary production of aquatic insects that subsequently drift (i.e., drifting aquatic invertebrates) versus transport of terrestrial invertebrates that fall into streams and are carried downstream.  These sentences imply that the “invertebrate drift” discussed is primarily drifting aquatic invertebrates, and yet a substantial number of studies show that about half the diet of fish in small streams (e.g., Nakano et al. 1999, cited in the report; see Baxter et al. 2005 for a review, cited above), and half the total annual energy budget where it has been measured (Nakano and Murakami 2001, cited in the report), comes from terrestrial invertebrates that fall into streams.  Thus, it would be wise to keep this distinction when these results are presented, because the insects transported from fishless headwater tributaries are a mixture of both.  In addition, the terrestrial invertebrates typically average about 10 times the mass of aquatic ones, and drift on the surface and during times of day when they are more available to fish, and so are often preferred prey (see Saunders and Fausch 2007, 2012 for examples of these important terrestrial prey resources).





Saunders, W. C., and K. D. Fausch.  2007.  Improved grazing management increases terrestrial invertebrate inputs that feed trout in Wyoming rangeland streams.  Transactions American Fisheries Society 136:1216-1230.


Saunders, W. C., and K. D. Fausch.  2012.  Grazing management influences the subsidy of terrestrial prey to trout in central Rocky Mountain streams (USA). Freshwater Biology 57: 1512-1529.





P4-31, line 18 – “Even nonmigratory taxa, however, can travel substantial distances within the river networks (Gorman, 1986; Sheldon, 1988; Hitt and Angermeier, 2008).”  Yes, this is a key point, and I suggest adding references to a few more diverse taxa, such as nonmigratory salmonids (Dunham and Rieman 1999; Meka et al. 2003), small plains fishes (Falke et al. 2010. Trans. Amer. Fish. Soc, cited above) and a review paper on the general ubiquity of movement among “resident” stream fishes (Gowan et al. 1994).





Dunham, J. B., and B. E. Rieman. 1999. Metapopulation structure of bull trout: influences of physical, biotic, and geometrical landscape characteristics. Ecological Applications 9:642-655.





Gowan, C., M. K. Young, K. D. Fausch, and S. C. Riley.  1994.  Restricted movement in resident stream salmonids: a paradigm lost?  Canadian Journal of Fisheries and Aquatic Sciences 51:2626-2637.





Meka, J. M., E. E. Knudsen, D. C. Douglas, and R. B. Benter.  2003.  Variable migratory patterns of different adult rainbow trout life history types in a southwest Alaska watershed.  Transactions of the American Fisheries Society 132:717-732.





P 4-32, line 7 “In prairie streams (see Section 4.7), the importance of hydrologic connectivity is especially evident, as many fishes broadcast spawn, or release eggs into the water column, which then develop as they are transported downstream (Cross and Moss, 1987; Fausch and Bestgen, 1997); adult fish then migrate upstream prior to egg release (Fausch and Bestgen, 1997). Thus, these fishes require hydrologic connectivity for egg development and upstream migration of adult fish, to maintain populations (Fausch and Bestgen, 1997).”  All of this is true, but it would be wise to cite more recent work on these pelagophils, such as Dudley and Platania (2007) cited above, and perhaps some references therein.  This is especially important for the endangered Rio Grande silvery minnow.  Likewise, it is important to make the point that, owing to these biological connections, a simple low diversion dam can extirpate small minnows in this pelagophilic guild from entire tributaries (see Fausch and Bestgen 1997).





P4-32, line 28 – ”Headwater tributaries also can provide refuge from flow extremes. Fish can move into headwaters (including intermittent streams) to avoid high flows downstream (Wigington et al., 2006); fish also can move downstream during peak flows (Sedell et al., 1990), demonstrating the bidirectionality of biological connections within these systems. Low flows can cause adverse conditions for biota, as well, and residual pools, often fed by hyporheic flow, can enable organisms to survive dry periods within intermittent streams (Pires et al., 1999; May and Lee, 2004; Wigington et al., 2006).”  In addition, when intermittent tributaries flow again, fish find these new habitats with amazing speed, as indicated in Larimore et al. (1959) for an Illinois stream, and Scheurer et al. (2003) and Falke et al. (2010, Trans Amer Fish Soc) for a Great Plains stream (both the latter are cited above).





[image: ]





P4-33, line 9 – “similarly, most genetically pure cutthroat trout populations are confined to small, high-elevation streams that are naturally or anthropogenically isolated (Cook et al., 2010).”  This “invasion-isolation” paradox has been reviewed by Fausch et al. (2009, cited above).





P4-35, line 25 – “A substantial body of evidence unequivocally demonstrates connectivity between streams and downstream rivers via both structural and functional connectivity (as defined in Wainwright et al., 2011).”  As suggested above, it would appropriate here to cite the Crooks and Sanjayan (2006) book and book chapter, which also define these terms for use in discussing biological connectivity.





P 4-36, line 22 – “In fact, the importance of headwater streams (including intermittent and ephemeral streams) in the life cycles of many organisms capable of moving throughout river networks provides strong evidence for connectivity among these systems.”  I would emphasize this point, again, owing to our data from intermittent Great Plains streams showing that fish larvae colonize rewetted stream channels and backwaters immediately (Scheurer et al. 2003; Falke et al. 2010, TAFS, see above).  Likewise, these fish spawn in simple flooded riparian backwaters that subsequently dry and look similar to the rest of the short-grass prairie by mid-summer.





P 4-37, Table 4-1 – The functions in this table appear incomplete for biota, because connected streams and headwaters can provide 1) spawning habitats, 2) feeding/rearing habitats, and 3) corridors to access critical habitats dispersed throughout the riverscape (sensu Fausch et al. 2002).  Moreover, even fishless headwater streams can provide large amounts of terrestrial and aquatic invertebrates on which fish growth and abundance depends (see earlier discussion in the report, and Wipfli and Baxter 2010).








Case Study – Prairie Streams





P 4-41, line 24 – “Most headwater streams originating in the prairie have riffle-pool morphology with alluvial gravel;”  Great Plains streams are known for being predominately sand and silt substrate (often, relatively little gravel or large substrates), so this should be highlighted.  





P 4-41, line 29 – “In contrast to headwater streams in forested regions, the riparian areas of prairie headwater streams typically lack overhanging trees. Because of intense flooding, prairie streams tend to form wide, deep channels relative to their drainage areas, regardless of flow permanence (Hedman and Osterkamp, 1982; Brown and Matthews, 1995).”  There are cottonwood gallery forests, but these are patchily distributed because they are produced by infrequent and patchily distributed floods in most cases.  Papers by Jonathan Friedman and his associates at USGS could be cited.  Second, in my experience from the central western Great Plains in CO and WY, river channels are wide, shallow, and braided, not wide and deep.  The description of the Platte River in western NE is classic…. “a mile wide and a foot deep….too thick to drink, too thin to plow….”  (see Fausch and Bestgen 1997 for references).  In their original conditions, prevalence of quicksand in river beds was also a characteristic.





P 4-42, line 12 – “For example, water surfaces can be covered with ice in winter, whereas summer water temperatures can reach 35−40°C with 9−10°C diel (i.e., daily) fluctuations (Matthews, 1988; Matthews and Zimmerman, 1990). Concomitant fluctuations in dissolved oxygen occur, which when combined with stream respiration, contribute to dissolved oxygen values approaching anoxic conditions.”  Actually, these fluctuations in DO are not really “concomitant”, but opposite.  DO is high when temperature is high in late afternoon, but sags to very low levels (e.g., 0.03 mg/L; Scheurer et al. 2003) at dawn when community respiration has drawn it down the most.  This is important because these are the alternating harsh physicochemical conditions to which fish are exposed (i.e., high temp and high DO alternating with moderate temps but very low DO).  If the changes were concomitant (i.e., high temp and low DO at the same time), the fish would be even more stressed and probably not persist.  Indeed, many must use aquatic surface respiration at night, because if the enter minnow traps and cannot reach the surface, even the most tolerant species die overnight.





P 4-43, line 23 – “Gallery forests farther downstream provide shade and contribute organic matter.”  In my experience in Colorado (western Great Plains) streams, even small tributaries can have cottonwood gallery forests, and they were prevalent where mountains meet plains on the South Platte and Arkansas river systems.  These forests are indeed patchy (see above), but I wonder about the accuracy of this statement.





P 4-44, line 13 – “Fish are a well-studied component of river networks in the Great Plains, and are among the most threatened (Rabeni, 1996; Fausch and Bestgen, 1997; Hubert and Gordon, 2007; Hoagstrom et al., 2010).”  I’m not sure I agree with either of these assertions.  Compared to other fishes farther east in the Mississippi River basin, we know little about the ecology of many fishes in Great Plains/prairie streams, such as what they eat, or where and when they spawn.  Second, many are indeed threatened in a general sense, but most are very widely distributed in the entire Mississippi River basin, so there are few on the federal ESA list.  This contrasts sharply with the Colorado River basin, where many are endemic and many are on the ESA list.





P 4-44, line 26 “Periodic floods are important for creating perennial refugia and providing connectivity between habitats for the dispersal of fish and their eggs and larvae in prairie stream networks (see Section 4.7.3.3; Labbe and Fausch, 2000; Scheurer et al. 2003; Franssen et al., 2006; Falke et al. 2010 [in TAFS], 2012).”  I suggest the changes in bold.





P 4-48, line 7 - 4.7.3.1.2. Temperature (heat energy) – The discussion here focuses on high temperatures owing to solar heating.  However, groundwater can have large effects on water temperature by cooling it, and groundwater-fed pools can be strongly stratified during hot summer days (e.g., temperature differences of >10 C from surface to bed).  Pools with groundwater can remain ice-free during winter, whereas those without can freeze to the bed (see figure in Labbe and Fausch 2000).   Backwaters fed by groundwater are more benign habitats for fish than those that are not (see Scheurer et al. 2003; Falke et al. 2010 in TAFS).  These papers could also be used as references for P 4-54, line 27, on this point.





P 4-53, line 35 – “Prairie stream fishes generally are highly vagile, with adults capable of long-distance migrations.”  To be clear, these peregrinations made by adults are movements, not migrations, which are defined as cyclical. One might describe the entire movement cycle made by the species as a migration, but not by the adults alone.  In addition, all of this is based on indirect evidence.  That is, I know of no one who has actually marked (e.g., with PIT tags) adults of these pelagophilic minnows, and positively detected these long-distance movements (other than Kevin Bestgen following some plains minnow upstream, which you describe in the next sentences).  Perhaps the movement back upstream occurs over several generations, for example, in phases, but I don’t think we know.





P 4-54, line 16 – “Because many small prairie streams have intermittent flow, maintenance of fish populations often depends on dispersal out of intermittent reaches before drying occurs and recolonization of these habitats once water flow resumes―both of which require hydrologic connectivity along the stream network.”  We have no direct evidence that fish can sense when pools are drying and leave them before they are disconnected (Labbe and Fausch 2000; Scheurer et al. 2003).  We always find fish concentrated in drying pools, and find evidence of their dying or being eaten.  However, we do have direct evidence of rapid recolonization, by both larvae and adults, or habitats wetted again, often nearly immediately (e.g., Falke et al. 2010, TAFS).  See also P 4-55, line 35 about this same point (that fish probably do not leave drying reaches as much as we might think, because many die there, although of course some probably do leave).





P 4-54, line 22 – “For dispersal and recolonization to occur, fishes must be able to access refuge habitats under adverse conditions, and then expand into newly habitable areas once adverse conditions abate.”  Here again, the general metapopulation-habitat model proposed by Falke and Fausch (2010, see above) could be a very useful reference.  See also P 4-55, line 38.





P 4-54, line 32- “During and after floods, juvenile and adult fishes can move upstream or downstream (or get displaced downstream) into newly available habitat (Fritz et al., 2002; Franssen et al., 2006; Falke et al. 2010, 2012). Once channels are rewetted, prairie stream fishes can move quickly into these previously unoccupied habitats (Harrell et al., 1967; Labbe and Fausch 2000; Fritz et al., 2002; Scheurer et al. 2003; Franssen et al., 2006).”  These are all great references, and I would suggest adding those in bold, to expand the range of systems and species examined.





P 4-68, line 21  - “Native fish species of southwestern streams and rivers are adapted to these dynamic environments (John, 1964; Meffe, 1984). Rinne and Miller (2006) compared fish assemblage data in river networks for two southwestern rivers, the Gila River (New Mexico and Arizona) and the Verde River (Arizona) over 7 to 12 years. They included river hydrology and geomorphology data in their analysis and found that variable streamflows and higher flow volumes favor native fish species over nonnatives. They also noted that the presence of unconstrained alluvial valley river reaches with shallow pools favored native fish. Furthermore, when humans alter the hydrologic dynamics of ephemeral and intermittent tributaries such that flows connecting them to the river network are more frequent or more consistent, nonnative fish can invade (Turner and List, 2007). Recent nonnative invasion and a corresponding decline in native fish species diversity was observed in the lower reaches of the Aravaipa Creek, a tributary of the San Pedro River, which historically was rarely connected to the mainstem (Eby et al., 2003).”  Missing from this discussion is a great paper analyzing similar ecological differences between native and nonnative invasive fish in the Colorado River system, by Olden et al. (2006).





Olden, J.D., Poff, N.L., and K.R. Bestgen. 2006. Life-history strategies predict fish invasions and extirpations in the Colorado River Basin. Ecological Monographs 76:25-40.





P 4-69, line 21 – “Mainstem river native fishes and invertebrates are adapted to the variable flow regimes that ephemeral tributary streams strongly influence. Ephemeral flows prevent or mitigate invasion by introduced species.”  Although this is true, and an important point to understand about fish ecology in these systems, it doesn’t seem to serve the goal of showing how ephemeral streams are connected to downstream waters.  Would it be better to focus on the goal, and reduce or delete material that doesn’t contribute to that goal?  There were no other bullets in this summary that relate to fish or invertebrates, so it might be wise to state the obvious, that these dynamic habitats are critical habitats for those species that evolved in them, and provide not only places to spawn, rear, and refuge, but also corridors to move among these critical habitats.  I suspect there is literature on at least fish movements in these rivers, to support this statement, and this might be included in the appropriate section above.












Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes 





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





P 5-13, line 10 – “In small forested watersheds, overhanging trees provide organic matter inputs, while simultaneously reducing photosynthesis by autotrophic organisms (Vannote et al., 1980). This dual effect makes allochthonous inputs the primary source of energy flow into the food web of these streams.”  See above for discussion of meta-analysis by Findlay (2001) showing that this assertion is apparently true in general only for very small streams, with watershed areas <10 km2.





P 5-15, Section 5.3.3.1 Vascular Plants and Phytoplankton – Missing from this section is mention of the work by David M. Merritt and colleagues on the importance of hydrologic connections to plants that disperse their seeds in flowing water, like cottonwood trees (Populus).  Dams that disrupt connectivity also disrupt this seed dispersal, with drastic effects on riparian vegetation.  One example publication is:





Merritt, D. M., M. L. Scott, N. L. Poff, G. T. Auble, and D. A. Lytle.  2009.  Theory, methods and tools for determining environmental flows for riparian vegetation: riparian


vegetation-flow response guilds.  Freshwater Biology 55:206-225.





P 5-17, line 21 – “Such wetlands provide refuge, feeding, and rearing habitat for many fish species and function as sources by augmenting recruitment to the river network; examples include fish taxa in forested floodplain wetlands of the southeastern and southwestern United States and salmonids of the northwestern United States such as Coho salmon (Oncorhynchus kisutch) and Chinook salmon (Oncorhynchus tshawytscha; e.g., Wharton et al., 1982; Matheney and Rabeni, 1995; Pease et al., 2006; Henning et al., 2007; Jeffres et al., 2008).”  The paper cited elsewhere by Brown and Hartman (1988) is important to support this point.  Wetlands that were dry during summer and could be degraded by forestry activities were very important winter rearing habitats for juvenile coho salmon along Vancouver Island streams.   Likewise, Scheurer et al. (2003) and Falke et al. (2010, TAFS) found that a set of Great Plains fish species spawned and reared in riparian wetlands (backwaters) that subsequently went dry during summer.  Falke et al. (2010, CJFAS, cited above) reported on the importance of these habitats for larvae of these fishes, similar to the King et al. (2003) paper from Australia cited at the end of this paragraph.  Likewise, as mentioned above, endangered fishes in the Colorado River basin, such as Colorado pikeminnow and razorback sucker, use floodplain wetlands (backwaters) extensively for spawning and/or rearing (Modde et al. 2001, 2005; Bestgen et al. 2007). 





Bestgen, K. R. and 12 coauthors.  2007. Population Status of Colorado Pikeminnow in the


Green River Basin, Utah and Colorado.   Transactions of the American Fisheries Society 136:1356-1380.





Modde, T., Z. H. Bowen, and D. C. Kitcheyan.  2005.  Spatial and temporal use of a spawning site in the middle Green River by wild and hatchery-reared razorback suckers.  Transactions of the American Fisheries Society 134:937–944.





Modde, T., R. T. Muth, and G. B. Haines.  2001.  floodplain wetland suitability, access, and potential use by juvenile razorback suckers in the Middle Green River, Utah.  Transactions of the American Fisheries Society 130:1095-1105.








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.








P 5-38, Table 5-3 – “Riparian/floodplain wetlands and oxbow lakes can be sources or sinks of organisms; one of the most important source functions is to provide spawning and rearing habitat for fish.”   I suggest the addition in bold.  See Falke et al. (2010a, 2010b) for examples from a western Great Plains river.















Summary and Conclusions





P 6-1, line 29, “They provide spawning and nursery habitat for breeding fish, colonization opportunities for stream invertebrates, and maturation habitat for stream insects.” I suggest adding the words in bold.  Fish also spawn in riparian wetlands.





P 6-3, line 5 – “Thus, connectivity (or isolation) of streams, wetlands, and open-waters enables (or prevents) the movement of materials and organisms downstream;”  As in sections early in the report, this suggests that the only connections important are from upstream to downstream, whereas for many fish and other organisms, connections that allow organisms to move upstream and use habitats for spawning, feeding, and refuging are equally important.  Connectivity is often a two-way street where biological organisms are concerned.  This issue is a general one, throughout this section and parts of the entire report.





P 6-4, line 8 – “While scientists long focused on the hydrologic connectivity represented by the physical structure of river networks, more recently they have incorporated the network structure explicitly in conceptual frameworks to describe ecological patterns in river ecosystems, and the processes linking them to other watershed components, including wetlands and open-waters (Power and Dietrich, 2002; Benda et al., 2004; Nadeau and Rains, 2007a; Rodriguez-Iturbe et al., 2009).”    Here or in the next sentence I suggest including reference to the riverscape concept in Fausch et al. (2002), which highlighted the importance of understanding how fish use habitats dispersed throughout stream and river networks.
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Preliminary Comments on EPA Connectivity Report 


Siobhan Fennessy, Biology Department, Kenyon College





The charge questions set to the SAB on the report, Connectivity of Streams and Wetlands to Downstream Waters: a review and synthesis of the scientific evidence are addressed below. 


Overall Clarity and Technical Accuracy of the Draft Report


1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.


Overall this report is a thorough and comprehensive synthesis of the physical, chemical, biological factors that connect waters. It is clearly written and organized, technically accurate, well documented and accessible. The EPAs approach to compiling the best available science has provided a framework to understand the connectivity of streams and wetlands to downstream waters, and evaluate the transport of physical materials, chemicals and biota in the surface and groundwater flows within a watershed.  This is an essential analysis needed to inform decisions on policy that will guide efforts to fully implement the goals of the clean water act. Of particular note is that the report clearly establishes the importance of wetlands and headwater streams (permanent, intermittent, and ephemeral) to the integrity of downstream stream networks.  


There are several areas where the report can be strengthened. For instance, the conclusion that there is insufficient evidence to determine or generalize about the degree of connectivity of unidirectional wetlands in order to evaluate their ecological effects on downstream systems is at odds with evidence provided in the report. The evidence clearly indicates that wetlands in unidirectional landscape settings are important to the structure and function of downstream waters, both by transporting materials, or by reducing the movement of water and materials (for instance, by storing water or acting as sinks for nutrients, sediments and contaminants). To suggest that it is not possible to determine the role of unidirectional wetlands is not supported by the literature, which shows clear connections between unidirectional wetlands and streams and rivers in the watershed.  





The report could also be strengthened by more explicitly addressing the cumulative effects of wetlands and headwater streams on downstream waters within a watershed (referred to as ‘aggregation’ in the report).  There connection between wetlands and downstream water quality has been extensively documented, both the beneficial effects of the presence of wetlands, and the cumulative effects of wetland alterations that degrade water quality. Assessing the net contribution of wetlands requires a landscape view that recognizes their geomorphological setting and the functions that landscape position confers.  The watershed is the appropriate geographic unit at which to evaluate the ecologically relevant connections between water bodies.  Using this approach to assess the contribution of wetlands and streams to watershed function in the aggregate is paramount. 











Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function


2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report.


Chapter 3 describes the conceptual basis for the connectivity of a watershed’s hydrologic elements.  The report makes a clear and technically accurate assessment of the connectivity between streams, wetlands and rivers, and uses the flows of water and materials (physical, chemical and biological) to organize the connections fostered in watersheds.  The role of connectivity on maintaining the ecological integrity of those hydrologic elements is discussed.  I applaud the use of an integrated systems perspective to address the questions raised in the report.  Figure 3-2 shows the range of aquatic ecosystems that are discussed, and the potential for flows of physical, chemical and biological materials between them in the watershed network.  The functions by which streams and wetlands affect downstream material flux are clearly articulated. The conceptual framework also clearly recognizes the watershed (drainage basin) as the geographic area that contains the river network and wetlands.  The watershed as an organizing tool could be used more prominently throughout the report to discuss the integrated flow of water, energy and materials through the landscape.  


As a point of clarification, page 3-5, line 12 states that wetlands are transitional between terrestrial and aquatic systems.  They can be thought of as transitional between terrestrial and aquatic systems in terms of their characteristics, but clarifying that they are not always transitional due to their landscape position is warranted.  


I applaud the distinction made between the actual functions and potential functions of streams and wetlands (page 3-27, line 15). However, it is not clear how, as the text states, that ignoring potential function can lead to situations where degraded streams and wetlands receive more protection than less impacted systems.   


Figure 3-16 shows generalized hydrologic landscape forms.  These hydrologic landscape units have also been used by Bedford (1996) to describe what are termed the hydrologic ‘templates for wetland development’.  Broadening the discussion here to more fully incorporate how wetlands fit into the these models of landscape forms would be valuable and would make clear the links between groundwater flows, land form, wetlands and channel flows. An earlier source for this figure is: 


Winter, T. C. 1992. A physiographic and climatic framework for hydrologic studies of wetlands. Pages 127-148 in R. D. Robarts and M. L. Bothwell, editors. Aquatic ecosystems in semi-arid regions: implications for resource management. N.H.R.I. Symposium Series 7. Environment Canada, Saskatoon, Saskatchewan, Canada. 


Bedford, B.  1996.  The need to define hydrologic equivalence at the landscape scale for freshwater wetland mitigation. Ecological Applications 6: 57-68.  





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams


3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


This report comprehensively addresses how the transport of water, materials (sediment, nutrients, contaminants, organisms) from upstream locations drives the structure and function of downstream ecosystems.  The findings are well documented, and key conceptual models of river and stream function are discussed (including the river continuum concept and biogeochemical nutrient spiraling). The critical role that headwater streams have on nutrient processing and habitat provision are well documented, and provide compelling evidence of the connection between those streams and downstream rivers.  The cumulative effects of the network of small streams and wetlands on larger rivers within a watershed are discussed. To further stress the value of these systems, it would be beneficial to document the degree to which the length of headwater streams and the area wetland have been reduced by human actions (perhaps on a regional basis). The loss of such habitats leads to the degradation of downstream rivers, whose structure and function can be highly altered by such losses. For instance, the recent National Aquatic Resource Survey to quantify the ecological condition of streams and rivers in the U.S. found that 55% of the nation’s river and stream miles do not support healthy aquatic life (i.e., they were rated in poor condition. See: USEPA. 2013. National Rivers and Streams Assessment 2008-2009: A collaborative Survey. EPA/841/D-13/001. Washington, DC).  


As the report discusses, one of the key stressors to streams and rivers is nutrient enrichment. The following papers by Seitzinger may be useful when reporting on the key process of denitrification (as a means to remove nitrate from waters) in rivers. 


Laursen, A., S. Seitzinger, 2004. Diurnal patterns of denitrification, oxygen consumption and nitrous oxide production in rivers measured at the whole-reach scale.  Freshwater Biology 49:1448-1458.  





Seitzinger, S.P., R. V. Styles, E. Boyer, R. B. Alexander, G. Billen, R. W. Howarth, B. Mayer, N.Van Breemen. 2002. Nitrogen retention in rivers: model development and application to watersheds in the northeastern USA.  Biogeochemistry 57:199-237.  





3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


Section 1.4.1 of the Executive Summary provides a sound summary of the findings and conclusions presented in Chapter 4.  The wording on page 1-8, line 22 reads as a bit of faint praise by referring to one “one study” on nitrogen when, in fact, there are many studies documented in the report.  For those that might only read the Executive Summary, inserting “For example, one study…” might be helpful. 





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes


4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Section 5.3 of the report focuses on riparian and floodplain wetlands located in bidirectional settings.  Taking a broad approach to the literature ensures that studies relevant to riparian and floodplain wetlands could be included.  Given the inconsistency of the peer-reviewed literature in identifying whether study wetlands are jurisdictional, this approach allowed for a much more representative cross section of the literature to be used.  


Throughout the discussion of riparian and floodplain wetlands, much of the literature reviewed is on forested wetlands, although this is rarely specified in the report.  Because forested riparian/floodplain wetlands are particularly effective at performing the functions described here (for example, organic matter export, denitrification), and because they are such a widespread wetland type, this should be made more clear in section 5.3.  


As discussed in section 5.3.2.2, riparian wetlands are effective sinks for nitrogen, particularly the highly mobile form, nitrate. The efficiency with which riparian zones transform N has become a rationale for their conservation and restoration (Fennessy and Craft 2012).  In Section 5.3.2.2 there is a very heavy reliance on a single paper by Vidon et al. (2010) on the fate and fluxes of N in riparian zones.  There is an extensive literature on this subject, and while the report correctly characterizes N transformations, there are many references that are not included, or not used as effectively as they might be. For example, there are studies that have shown riparian zones can remove nearly 100% of the nitrate that enters them in surface or shallow ground water which are not included in the report.  The following are examples: 


Groffman, P. M., E. Axelrod, J. Lemunyou, and W. Sullivan. 1990.  Denitrification in grass and forest vegetated filter strips.  Journal of Environmental Quality 20:671-674.  


Haycock, N. E., G. Pinay, and C. Walker.  1993.  Nitrogen retention in river corridors – European perspective. Ambio 22:340-346.  


Haycock, N. E., and G. Pinay. 1993.  Groundwater nitrate dynamics in grass and poplar vegetated buffer strips during the winter.  Journal of Environmental Quality 22:273-278.  


Jacobs, T. C., and J. Gilliam. 1985. Riparian losses of nitrate from agricultural drainage water. Journal of Environmental Quality 14:472-478.  


Johnston, C.A., S.D. Bridgham, and J.P. Schubauer-Berigan. 2001. Nutrient dynamics in relation to geomorphology of riverine wetlands. Soil Science Society of America Journal 65:557- 577.  


McClain, M.E., E.W. Boyer, C.L. Dent, S.E. Gergel, N.B. Grimm, P.M. Groffman, S.C. Hart, J.W. Harvey, C.A. Johnston, E. Mayorga, W.H. McDowell, and G. Pinay. 2003. Biogeochemical hot spots and hot moments at the interface of terrestrial and aquatic ecosystems. Ecosystems 6:301-312.


Fennessy, M. S., and J. K. Cronk. 1997. The effectiveness and restoration potential of riparian ecotones for the management of nonpoint source pollution, particularly nitrate. Critical Reviews in Environmental Science and Technology  27:285317.  





Fennessy, M. S. and C. Craft. 2011. Effects of agricultural conservation practices on wetland ecosystem services in the Glaciated Interior Plains. Ecological Applications 21: s49-64.





Section 5.3.3.2 mentions the positive relationship between riparian and floodplain wetlands and the in-stream values of the index of biotic integrity for fish communities.  This is compelling evidence on the importance of connectivity in maintaining the ecological integrity of aquatic systems.  Given the emphasis in water programs I the U.S. on biological monitoring, and the resulting literature that documents the effects of riparian/floodplain communities on the ecological integrity of streams and rivers (for example by mitigating nonpoint source pollution, providing nursery areas and critical habitat for aquatic biota and dsynchronizing flood peaks), this line of reasoning could be expanded in the report. 


4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


Section 1.4.2 of the Executive Summary provides a sound summary of the findings and conclusions presented in Chapter 5.3.  





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”


5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


In section 5.4, the authors conclude that there is insufficient evidence to determine or generalize about the degree of connectivity of unidirectional wetlands, or evaluate their effects on downstream systems. This is at odds with evidence provided in the report that clearly indicates that wetlands in unidirectional landscape settings are important to the structure and function of downstream waters; they are sinks for nutrients (N and P), sediments, and other contaminants (pesticides, metals), provide habitat for amphibians, birds, invertebrates and mammals, and are often hydrologically connected (perennially or periodically) by surface or subsurface flows. They store water and so their presence in a watershed can reduce flood peaks downstream.  The discussion of prairie pothole wetlands in section 5.8 clearly makes the case for the connectivity of unidirectional wetlands. To suggest that the role of these wetlands cannot be determined is also not supported by the wider literature (much of it reviewed here), which shows clear connections between unidirectional wetlands, streams, and rivers in watersheds.  It is vital to point out the strengths of the relationship between these watershed elements.


5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


Section 1.4.3 of the Executive Summary provides a clear summary of the findings and conclusions presented in Chapter 5.4.  However it should also be modified to reflect the comments above. 
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Michael Gooseff responses to technical charge questions.  All question text copied from provided .pdf and pasted below.  Responses are provided in red italics below.





TECHNICAL CHARGE QUESTIONS 


Overall Clarity and Technical Accuracy of the Draft Report 


1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 





In general, the overall clarity of the draft report has been achieved.  I noted a few locations in the very long report that need some minor clarification, but it otherwise is a very clearly written report.  I have the bias of being a scientist, so it is a bit difficult for me to determine how well it would/will be understood by non-specialists.  However, the extensive effort to include definitions and examples from the scientific literature should go a long way toward properly orienting a non-technical person to the concepts covered.  My overall opinion is that the technical accuracy is good, given the scope of the topic and the literature considered.  





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function 


2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





Chapter 3 communicates a good conceptual framework for describing the channel vs. the river, wetlands, etc.  The definitions are useful and the further discussion of their properties is complete enough to discuss the issues of connectivity among the different parts of the watershed.  The suite of connections that were discussed was clear and, for the most part, complete.  One point of emphasis that I would have like to have seen is that the general shape of water tables does not always follow the land surface.  Part of the issues with this is the strong reliance of the report on the work of Winter, who often promoted this.  Furthermore, that these flow directions and quantities are generally invisible to us at the surface, would also be an important point to make.  It is often difficult to visualize linkages among water bodies across space and time in the subsurface.  





Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 


3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





Chapter 4 is clear and well-written with some excellent examples of particular cases observed around the US.  The literature cited is correctly represented and summarized within.  The two highlighted situations of desert southwest streams (largely ephemeral) and prairie streams provide two distinct situations in which streams appear to be disconnected from landscapes (at the surface).  The space-time dynamics of the actual connections is highlighted very well within and provides a good basis for evaluating the challenges to understanding connectivity in the context of functioning watersheds and their ecosystems.  Some opportunity is missed, however, to emphasize the changing connections (in space and time) of even perennial streams to watersheds.  





3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





The conclusions appear to be well supported by the literature review provided in section 4.  I am particularly glad to see some emphasis of cumulative downstream impacts of streams or other wetlands as this is a concept that is often ignored.  





Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes 


4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





The focus on ‘downstream’ connectivity is a bit challenging when discussing lateral influences of landscapes or groundwater on open channel flows of the stream network.  Technically, groundwater that is lateral to a stream channel and, for example, contributes water to the channel, is providing water ‘down-gradient’ (i.e., down the gradient of the water table adjacent to the channel).  As soon as that water is in the channel, contributing to discharge, then of course it ‘downstream’ is a more applicable term to be used.  My review of this section concluded that the literature that was summarized was done so properly.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





The phrasing of section 1.4.2 with respect to riparian groundwater serving as a source to rivers is a bit misleading, in my opinion.  I follow (and like) the notion of bidirectional exchanges noted in the summary prior to the itemized points.  It is my opinion that this statement should be more clear about the bidirectional exchanges of water in the subsurface.  The hyporheic zone is referred to several times throughout this report, yet I get the sense that the authors consider it to be more of a vertical feature than a lateral feature.  That conceptual model is incomplete.  There are numerous studies that have identified ‘water from the open channel’ of a river in bank-side wells and more distal wells (Stanford and Ward or Stanford and Gauphin note that hyporheos were found in alluvial gravels 2 km away from the river!!! – I do not have ready access to that citation at this moment, but will find it prior to our panel discussion).  





Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 


5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





My knowledge of wetland and other lentic ecosystem literature is fairly limited.  Hence, I can only really conclude that I found this section to be organized well and informative, but I cannot provide a reasonable evaluation of the scope of the literature here.  The potential for connection among water bodies is very high when you view the world through the lens of a groundwater hydrologist.  However, the realities of the heterogeneities of the subsurface are the invisible controls that are often difficult to fully characterize at scales that matter to flow directions and rates.  





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





My sense is that this will be a significant topic of conversation and discussion at our panel meeting in person.  However, at the moment, my evaluation of the content of section 5 and the conclusions and findings in section 1.4.3 of the executive summary are congruent.  I am particularly struck by the conclusion about the comparison of geographic isolation vs. functional isolation.  That is a very strong point and one that is important to make, in my opinion, because proximity is not the only qualifier of connectivity.  
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Comments on Charge Question 1: Clarity and Technical Accuracy:





I reviewed the EPA draft report report “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence” and found it to be scholarly and exceptionally well‐ written.  My overall assessment is that that the authors have done a truly outstanding job in synthesizing a difficult topic, and that minor to moderate revisions will improve and strengthen what is already a thorough and carefully prepared synthesis and literature review of hydrologic transport processes and ecological consequences in watersheds. Given that the upcoming scientific review panel will review many details this review, I focused my written comments on what I felt were major overriding issues that potentially have implications throughout the report. Below I outline three major comments and several minor ones. I very much look forward to participating in the panel and discussing these and many more comments.





Comments on Charge Question 2: Conceptual Framework:





Major Comment 1: Connectivity is formally defined on page 1‐4 and in the Glossary (page A‐3) as “the degree to which components of a river system are joined, or connected, by various transport mechanisms”. The problem with such a broad definition is that it does not distinguish between two differing concepts of connectivity. For example, the term connectivity is frequently used to refer the degree of connectivity between upstream and downstream waters (e.g., page 1‐6, line 29 and 34; 1‐7, line 2). Figure 1‐1 (page 1‐2), for example, strongly suggests that connectivity is the degree of connection between watershed elements and downstream waters. Also, at various locations in the text connectivity is described as the “degree of transport connection to downstream waters”, e.g., page 1‐1, line 25 “longitudinal connectivity”; 1‐3, line 14. However, the term connectivity is also used to refer to the degree of connectivity between main channel waters and off‐channel storage areas such as ponds and subsurface flow (e.g., page 1‐7, line 26 and 27).





I would suggest that the definition elaborate on the two complementary concepts for connectivity as longitudinal and lateral connectivity. Longitudinal connectivity is the degree of connection between upstream waters with waters located downstream. Lateral connectivity is the degree of lateral (e.g. horizontal and vertical) connections between relatively fast flowing waters, such as main channel waters, with slowly moving waters stored off the channel in ponds and/or in the subsurface. The problem with such a broad definition is that longitudinal and lateral connectivity are often inversely related, that is, high longitudinal connectivity of waters is thought to be associated with low lateral connectivity of waters and vice versa.  Therefore when the term connectivity is used in the report the specific meaning may be unclear, and so it seems imperative to distinguish between them.





Major Comment 2: Connectivity as discussed by the report is a qualitative metric rather than a quantitative metric which becomes confusing when combined with the broad definition that does not distinguish longitudinal from lateral connectivity. For example, rather than being described by a value the connectivity of a water body is qualitatively assessed as varying along a scale between “highly connected” and “isolated” (page 1‐4, line 40 to page 1‐5, line 3). There are two problems that arise: 1) first is the issue described above that if connectivity is said to qualitatively “high” it will be uncertain whether longitudinal or lateral connectivity is meant and 2) an even more important issue is that the report acknowledges that there is no simple positive or negative relation between the degree of connectivity and associated watershed functional values. The relation between connectivity and functional values is made on a case by case basis with a higher or lower connectivity said to be either impart beneficial or harmful effects depending on the specific functional value in question. I should note that in the body of the report a good job is done tabulating many functional values and there relation to connectivity. However, this reviewer feels it will be an improvement if longitudinal and lateral connectivity are distinguished, and if the report is more forthright in Section 1 in acknowledging that connectivity has no simple positive or negative relation with watershed functional values, rather that certain functional values are best supported by connectivity falling within a specified sub‐range between highly connected and isolated.





Comments on Charge Question 3: Ephemeral, Intermittent, and Perennial Streams:





Major Comment 3: Two types of connectivity (bi‐directional and unidirectional) are first mentioned on page 1‐1, line 30. The caption for Figure 1‐1 states that bi‐directional exchanges are omitted for clarity. This leaves the reader confused about whether bi‐directional and unidirectional types are and why the concepts are important, why the terms only refer only to wetlands rather than including ponds and subsurface waters located away from the channel, and why the terms are not discussed as part of the formal definition of connectivity (p 1‐4 ) since they are not discussed in more detail until section 3 (page 3‐7).  The glossary says that bi‐directional connections involve two‐way hydrologic exchanges between wetlands and rivers and those unidirectional connections involve one way connections from wetlands toward rivers. It is not clear why only wetlands are involved, i.e, ponds or subsurface waters could have the same relationship with rivers and if it is important for wetlands it should also be important for ponds and subsurface waters. This reviewer wondered whether the report is using unidirectional connectivity as a concept that is synonymous with longitudinal connectivity discussed in this reviewer’s comment 1 and bi‐directional connectivity as a term synonymous with the term lateral connectivity as discussed in comment 1? Unidirectional connectivity seems like reasonable term to distinguish longitudinal connections flowing from upstream to downstream. Bi‐directional connectivity seems like a reasonable term to distinguish lateral, back‐and‐forth connections between main channels and more slowly moving surface and subsurface waters located off the channel. My suggestion is to consider how these concepts for unidirectional and bi‐directional connections can be discussed in relation to longitudinal and lateral connections and, after selecting final terminology, how to integrate the terms into the formal definition on page 1‐4 and in the glossary, as well as verifying consistent usage throughout.





Minor Comments Pertaining to Charge Questions 3:





‐	Page 3‐1, line 7, consider citing Winter et al., 1998 here with the references already present since none of the references currently used cover groundwater‐ surface water connectivity


‐	Page 3‐14, line 23, consider citing Harvey and Wagner, 2000 as a standard hydrological reference for hyporheic zones to add to the ecological references already given.


‐	Page 3‐27, line 20. Suggest adding two sentences before the sentence beginning “In many cases”. The sentences could read “Biogeochemical hot spots often are associated with hydrologic exchanges between surface and subsurface waters (McClain et al., 2003). For example, hyporheic flow enhances delivery of materials being transported in surface waters to microbially and geochemically active sites in the subsurface where chemical reactions may be stimulated to remove contaminants such as toxic metals, organic compounds, and excess nutrients from flowing waters (Harvey and Wagner, 2000).”





Comments on Charge Question 4: Lentic Systems and Bi‐directional Flows:





No preliminary comments beyond the potentially important comment for Charge question 3 that apply here as well.





Comments on Charge Question 5: Lentic Systems and Unidirectional Flows





No preliminary comments beyond the potentially important comment for Charge question 3 that apply here as well.














References suggested that are not already cited in the report:





Harvey, J.W., and Wagner, B.J., 2000, Quantifying hydrologic interactions between streams and their subsurface hyporheic zones, p. 3 – 44 in Jones, J.A., and Mulholland, P.J. (eds.), Streams and Ground Waters, Academic Press, San Diego. p. 3 – 44.





McClain, M.E., Boyer, E.W., Dent, C.L., Gergel, S.E., Grimm, N.B., Groffman, P.M., Hart, S.C., Harvey, J.W., Johnston, C.A., Mayorga, E., McDowell, W.H., Pinay, G., 2003, Biogeochemical hot spots and hot moments at the interface of terrestrial and aquatic ecosystems, Ecosystems 6(4):301‐312. doi: 10.1007/s10021‐003‐0161‐9.
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Charles Hawkins comments to SAB charge questions.





1.  


In general I thought the report was well written and reasonably well organized. I appreciate that a review of this type must be primarily synthetic rather than encyclopediac in reviewing the relevant literature. However, the report sometimes relies on citing previous overviews rather than the most pertinent primary literature when characterizing the connectivity between upstream and downstream features and processes.


2. 


The conceptual framework succeeded in describing the structural elements and functional processes required to understand connectivity of streams and wetlands to downstream waters. The distinction between bi-directional and uni-directional flows were useful, although I found the definitions of the two processes a bit confusing. For example, if I interpreted the definitions correctly, the situation where X flows into Y and Y then flows into Z in which X and Z can be different stream segments is defined as bi-directional. To me a more intuitive definition of bi-directional would occur when X flows to Y and then Y can flow back to X, i.e., the direction of flow between X and Y is reversible.


3(a) and 3(b). 


The report provided a generally comprehensive characterization of our knowledge of the connectivity of ephemeral, intermittent, and perennial streams with downstream waters. Most of my concerns were minor. There were sections that were either unnecessarily long and others that could have benefitted from additional synthesis of existing (sometimes more recent) information. For example, water chemistry is largely discussed in the context of nutrients (N, P) and contaminants, but other naturally occurring chemical constituents are also ecologically important. I would have liked to have seen a more thorough characterization of upstream effects of geology and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc). The treatment of ions in section 4.4.3 is overly brief. The stream temperature section could also use some clarification. Some specific comments include:


I could not find Rice et al. 2008 that discusses thermal effects of tributaries, only his work on geomorphic effects at tributaries. The Knispel & Castella paper does cover this issue though. There is inadequate treatment of the role that channel structure (e.g., % pools) can have on stream temperature. Hawkins et al (1997) showed that % pool and channel slope was the best predictor of daytime stream temperature across 45 streams spanning the length of California. These factors  overwhelmed effects of latitude, elevation, and riparian shading (Channel morphology, water temperature, and assemblage structure of stream insects.  Journal of the North American Benthological Society 16:728-749.).


Use Allan & Castillo (2007) instead of Allan (1995). (Allan, J. D., and M. M. Castillo. 2007. Stream ecology: structure and function of running waters. 2nd edition. Springer, Dordrecht, The Netherlands).


Add precipitation and dew point temperature to climate factors that affect stream temperatures. 


See Schmidt et al (2006) for effects of groundwater on stream temperature (Characterization of spatial heterogeneity of groundwater-stream water interactions using multiple depth streambed temperature measurements at the reach scale. Hydrology and Earth System Sciences, 10, 849-859). The review by Webb et al. (2008) is also a good source on groundwater influences as well as timber harvesting effects on stream temperatures (Webb, B. W., D. M. Hannah, R. D. Moore, L. E. Brown, and F. Nobilis. 2008. Recent advances in stream and river temperature research. Hydrological Processes 22:902-918). 


Isaak et al. (2010) is a good example of how the spatial structure of networks may affect stream temperature (Isaak, D. J., C. H. Luce, B. E. Rieman, D. E. Nagel, E. E. Peterson, D. L. Horan, S. Parkes, and G. L. Chandler. 2010. Effects of climate change and wildfire on stream temperatures and salmonid thermal habitat in a mountain river network. Ecological Applications 20:1350-1371). 


Holloway’s results may not be very generalizable (watershed rock N was not a predictor in a model of dissolved total nitrogen that one of my PhD students developed for western USA streams)(see Olson, J. R., and C. P. Hawkins. 2012. Predicting natural base-flow stream water chemistry in the western United States. Water Resources Research 48:W02504.).


The role of upstream stream ecosystem metabolism could be better characterized. For example, Hall and Tank 2003 (Ecosystem metabolism controls nitrogen uptake in streams in Grand Teton National Park, Wyoming, L&O) noted that production and respiration explained 82% of the variation in NH4 uptake, and production alone explained 75% of variation in NO3 uptake. Upstream removal of N depends in large part on the amount of production in these systems.


The role of river systems as a source of CO2 to the atmosphere needs to be highlighted. The report notes that “58% of the carbon inputs were respired within the river networks”, but this needs to be connect this to the eventual outgassing of CO2. Battin et al. 2008 (Biophysical controls on organic carbon fluxes in fluvial networks, Nature Geoscience) provides a nice review. Butman and Raymond (2011, Significant efflux of carbon dioxide from streams and rivers in the United States, Nature Geoscience) note that riverine DOC could generate ~3:56 Tg of C/yr. Inorganic C is not mentioned at all, but Butman and Raymond (2011) show that as a source of atmospheric CO2, inorganic C dominates.


4(a) and 4(b). 


The report provided a generally accurate description of the state of knowledge regarding the connectivity of bi-directional wetlands with downstream rivers and lakes. However, there was an over-reliance on general reviews regarding the structure and function of riparian ecosystems, and an independent synthesis of the relevant primary literature would have been more useful. Alternatively, new knowledge could have been better (and more explicitly) incorporated into a summary of what existing reviews show with a view toward pointing out where generality has emerged and where generality has not yet been established. The report sometimes, but not always, addressed issues of context dependency and in some cases tended to overly generalize from geographically limited studies. 


The effects of riparian wetlands on stream temperature was perhaps the weakest part of this section. The report relies heavily on 2 main sources (Gregory et al. 1991 & Beschta et al. 1987). These are excellent summaries of our knowledge up to 1990, but other more targeted reviews exist. For example, information from the Caissie, Webb, and Poole & Berman papers cited in earlier sections should have been incorporated where appropriate.  As indicated in the report, riparian vegetation has been observed to limit maximum stream temperatures in certain types of streams under certain climatic conditions (e.g., small streams, mesic climates). However, the report does not indicate that this might not happen under other conditions (larger streams, more xeric climates).  An additional way that riparian vegetation can influence stream temperatures is by reducing heat lost from the stream as long-wave radiation (http://pubs.acs.org/doi/pdf/10.1021/es902654f). Also, although the report describes how beaver dams can affect hydrologic connections, it does not summarize how beaver dams can affect downstream stream temperatures.


The Nitrogen section relied on the review by Vidon et al. (2010). Weller et al. (2011, Effects of riparian buffers on nitrate concentrations in watershed discharges: new models and management implications, Ecological Applications) provide additional detail and perhaps insight.


5(a) and 5(b)


The report provided a generally comprehensive and accurate summary of the connectivity between wetlands with unidirectional flows and downstream rivers and lakes. Lack of ability to generalize across all types of unidirectional wetlands was acknowledged in several instances indicating the importance of context dependency. Incorporation of additional, recent literature would help better understand some of the processes unidirectional wetlands affect. For example, Olson and Hawkins found that lake and wetland size to be more important in predicting base flow P concentrations in streams than wetland location (Developing site-specific nutrient criteria from empirical models. 2013. Freshwater Science 32:719-740). However, the authors are correct in inferring that the same basic processes operate across wetland types and that connectedness between wetlands and downstream rivers and lakes is the rule rather than the exception.


Hawkins comments 									 Page 76





[bookmark: _Toc374538475]Dr. Lucinda Johnson





Connectivity of Streams and Wetlands to Downstream Waters 


Technical Charge Questions


Lucinda Johnson





1. Overall Clarity.  


The report is extremely well written and carefully documented.  It is clear that this report has already been through several rounds of review.  Writing was generally very clear, references cited appear to accurately reflect the citations in the text; tables and text were well formatted; few typos were encountered.  For a report this size, this is quite an accomplishment.  





I feel the report, as a whole, would benefit from development of additional summary tables / information for each section that summarizes the evidence and includes: the types of applicable connections (direct surface water connection; intermittent surface water via overland; anthropogenic connection (tiles / drainage); direct groundwater; etc.) and whether the function is directly or indirectly affected, and the level of certainty for each type of conclusion.  An IPCC type approach that identifies the relative certainty of an effect would give this report greater credibility.  





Be certain to use the words “direct” and “indirect” to mean the same thing with respect to connectivity throughout the document. (What is “direct evidence” of connectivity, versus “indirect”; what is an direct connection versus an indirect connection, etc.)





This may be outside the scope of this report, but the conclusion section would benefit from a discussion about risks associated with the lack of protection / management.  There have been some published papers addressing this (AWRA special issue and elsewhere) so it would not have to be conjecture o the author’s part.  A discussion of risk could also include a discussion of the relative magnitude of connections (including the temporal frame).  At some point the question will be asked- what is the size or the frequency of a connection that raises it to the point of having a “significant” effect.  





Also needed is a list of research questions that the agency should identify to increase the certainty of the effects noted, especially with respect to the unidirectional wetlands.








2. Chapter 3: Clarity and technical accuracy; relevance of citations, corrections:





This section could be strengthened with the inclusion of a short section on the types of disturbances (natural and anthropogenic) that reduce or enhance connectivity. Those are partially addressed at the end of Chapter 3, but could be strengthened. (and… what about the effects of climate change on connectivity?)  Also- not all types of connectivity are positive- dam removal can increase / enhance the spread of invasive species, for example.





Since the report deals with the issue of connectivity the definition of connectivity should occur MUCH sooner than section 3.3.2.1.  This definition should be front and center at the very beginning of the document.





Figure 1-1 does not show a “wetland complex”; since the concept of a wetland complex is very critical to the discussion of connectivity in unidirectional wetlands, a complex should be represented in this figure.  See also, comment below regarding wetland complexes. 





Since geochemical cycles are repeatedly mentioned in the various chapters (esp nitrogen and mercury); it would be helpful to include a diagram depicting these cycles.





I was surprised that the concept of source and sink populations was not better explained (in the first section before Section 4.5.3. Genes), much less the lack of mention of metapopulations.   At the very least it should be stated that this is a very active area of research  and many assemblages have species or species groups that exhibit metapopulation tendencies.  Examples of charismatic species that require such connections to persist would be powerful.





Pg 5-24, last paragraph about hydrologic connectivity between unidirectional wetlands and other waters.  This begs the question… how many overland flow events constitute a connection in order to support the functions that are identified for unidirectional wetlands?  Which functions would be supported if the only connection is through a 500 year overland flow event? 











· clarify what “non-soil substrate” means (pg 3-5, L 16)


· define “infrequent flooding”, L 30, pg 3-7


· A figure that captures the difference between unidirectional and bidirectional wetlands would be helpful. (or move fig. 3-18 to the location in the text where unidirectional wetlands are defined? And then create a different figure that makes that single unidirectional wetland into a complex.)


· Figure 3-5 is useful for describing hydrologic flowpaths in stream – watershed systems.  Lay persons have a difficult time understanding how flow systems operate in a wetland environment (especially in a complex where one wetland may be connected via downstream flow but the other wetlands may “appear isolated”).  A figure that captures the possible flowpaths within and among wetlands and downstream waters would greatly contribute to the discussion in chapter 5. (Fig 3-16 is helpful, but should be cited much earlier in the section).  


· Pg 3-47, L 30. s/b within and between river networks and wetlands.











5(a):	Chapter 5:  


Overall comments: There will be a lot of criticism directed at the issue of connectivity for unidirectional wetlands in geographically isolated landscapes. Thus, it will be very important to be very clear about the types of possible connections, the magnitude and duration of possible connections, and whether they are direct versus indirect.  As stated previously for Chapter 3, these issues could be communicated more clearly using better figures, and tables could be developed to succinctly state the relevant functions and the connection types.





Relevant publications: There are a number of relevant publications missing from the report.  I will compile this list and will send it under separate cover.





Accuracy of summary: Pg 5-4. Table 5.1.  Since riparian wetlands and unidirectional wetlands do have somewhat different functions, I suggest grouping functions associated with each wetland type within each section.  Since the text distinguishes the different wetland types, follow a similar organization for the table.  This will reduce possible confusion about functions associated with unidirectional versus riparian wetlands.  





Amphibian habitat support is listed as an important function for the geographically isolated wetlands, but birds are not mentioned as prominently (mentioned once or twice only in this chapter). I think the evidence that connectivity is required for birds is much weaker, therefore suggest deleting reference to birds. Alternatively, provide further explanation of mechanisms and explanations about facultative versus obligate traits.





Although lakes and ponds are not a part of this review, there is some pertinent literature dealing with landscape position and lake water chemistry that directly informs the discussion about connectivity of isolated wetlands (Kratz et al. from the UW Limnology group).





- Table 5.1: 3rd cell: Unidirectional wetlands lacking a channel outlet. Can be sources of water via overland flow … They also can provide water via subsurface drains or surface ditches  (ALSO, GROUNDWATER CONNECTIONS)





· 6TH CELL:  (Nitrogen cycling) Nitrification also requires organic matter… 


· Sink Functions: Cells 2 and 3 are very similar and contain overlapping information.





· Pg 5-16, L 19: clarify this or provide an example.





· Pg 5-23, L 14.  Hunt et al. (2006) … remove second reference to (Hunt et al. 2006)





· Table 5-4. This table seems clearly written by multiple  authors and needs to be edited so that the information content and style is consistent across sections.  The amt of detail different across sections of the table.  Some thought could be given to presenting the most compelling (best evidence) data first in each section.





· Cell #2.  Increasing the amt of impervious surface will also increase the amt of overland flow.   By and large, the role of human disturbances (esp. urbanization) is not well addressed in terms of increasing or decreasing connectivity.  





· Table 5-4, cell # 4.  The mention of “various time frames” is among the few in the document.  How does the temporal scale of connectivity affect the delivery or support of functions discussed?





· Table 5-4, cell 6: probably need to qualify this as MAY BE or IS COMMONLY the first line of defense.  There is not always a riparian buffer between a wetland and a stream.





· Cell 7: would be more powerful to state how  (in general) water quality and nutrient delivery is affected.





· Pg 5-43: oxbow lakes commonly connect with active river channels (only in certain landform types- clarify those)





· Pg 5-54.  A single study that demonstrates A groundwater connection in A Carolina bay is awfully weak evidence, and is not a strong way to start out this section.  Suggest stressing the data that are derived from multiple bays.  





· It seems the words “directly “ and “indirectly” are used in slightly different ways throughout the document.  If there are fish in Carolina bays that are not planted by humans, how else would the fish arrive unless there was a direct connection to some other water body?  





· Pg 5-57.  L 14 – 20.  The waffling language in this paragraph is contradicted by some of the statements above in the synthesis.  If fish are found in bays that dry out, and there is certainty that the fish were not planted by humans, then the bay MUST be connected to another water body via overland flow at some interval.  That is direct evidence of a connection.  Ditching is direct evidence of a connection.  Certain types of flightless invertebrates (fairy shrimp) require overland connections and are common residents of bays (and vernal pools).  





· Pg 5-73- 5-74.  To be consistent, group the 3 bullets for western pools  (i.e., move bullet 5 to #3 position.)








5(b): Conclusions from Chapter 1 (and Chapter 6)





“Biological connectivity can also occur between unidirectional wetlands and downstream waters, through movement of amphibians, aquatic insects, aquatic reptiles, migratory birds, and riverine mammals that require or opportunistically use both river and wetland or open-water habitats.” (L 2-5, pg 1-14.    Since birds and reptiles are relatively mobile species, the report must be careful to discuss the circumstances under which specific species within these groups require connectivity among their habitats.  One of the comments specifically addressed this issue (if two cities are connected by airplanes are they considered “connected” to the extent they should be managed similarly (or something like this)).





A matrix that summarizes the Ecosystem Type; Type of Connection; Environmental Conditions that Regulate Connection; Functions Affected; [Duration of Connection?]; [Relative Magnitude of Connection?]; Level of Certainty.





A list of research questions that could be formulated to address the lingering questions would also be a good idea.





The conclusions suggest that there are tools and data needed to support the evidence that a unidirectional, geographically isolated wetland is truly isolated or not.  It would be a good idea to provide further explanation of the types of tools and databases  (and current state of availability or development) that would provide these answers.  The suggestion is that decisions about excluding geographically isolated wetlands should be made on a case by case basis; it is very likely (and has been proposed by comments) that the opposite be the case- that these be excluded and included as evidence is presented.  Are there any data or studies that address the  potential risks associated with the opt in, versus the opt out approach with respect to management / regulation of these isolated systems?
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	Comments by Michael Josselyn, PhD 





I am prefacing my remarks by stating that I am honored to be appointed to this Board and to serve with so many distinguished and highly qualified panel members.  I look forward to reading their comments, participating in informative and critical discussions on the science, listening and reviewing the information that has been and will be submitted by the public and interested groups, and preparing our formal review.  





My approach to my review of the Draft Report is through the critical eye of a scientist with the practical experience of a professional consultant.  I believe strongly in clearly stating the outcomes of scientific findings balanced with the uncertainties and limitations associated with that science.  It is true that the scientific community has produced a highly diverse and significant amount of work in the field of stream and wetland science over the past 50 years; however, it is equally true to many of the practical problems that we must face when regulating specific areas are not often the focus of those studies.  As a result, there is a great deal of uncertainty associated with making decisions that apply to the range of conditions that exist in the natural world and more so within the human altered world.





My preliminary comments to the Charge Questions are:





Overall Impression of the Clarity and Technical Accuracy





The Draft Report covers a broad range of literature with over 1000 citations including many that represent the synthesis of other studies.  It is the result of numerous hours of compilation, internal review, and peer review.  As a result, it is likely that the question is not whether all the science has been discovered during this process as it relates to rivers, streams, and wetlands; but has it been presented such that the conclusions reached are valid and the analysis useful to the issue at hand, e.g. the regulation of the Nations’ waters, including wetlands.  I am not convinced that the Draft Report meets those two expectations. 


  


The Draft Report does present literature and findings on hydrologic connections between various types of streams and wetlands.  It also discusses chemical and biological processes that are performed in those streams and wetlands.  These connections and processes are based on well known physical and biochemical factors occurring in streams and wetlands.  I believe that the authors and previous peer reviewers have done an excellent job in explaining complex processes with text and figures that are clear and accurate.  





However, the Draft Report presumes that the presence of any linkage, whether by surface or groundwater, or the occurrence of a biological or chemical conversion process within those features are significant in terms of downstream water quality.  However, while these processes in of themselves are important, few of the articles cited dealt with the level of significance to downstream water quality.  Fewer still discuss the role that frequency and duration of flow have to play in affecting downstream water quality[footnoteRef:1]1.  These issues are critical to understanding how the scientific literature supports or refutes conclusions in this Draft Report that will eventually be used to promulgate regulatory policy. [1: 1 The Draft Report does state that “readers should refer to the cited publications for quantitative information” which, of course, should in fact be the basis of a thorough analysis in the Draft Report and not just left for the reader to do on their own.] 






The Draft Report states that “this report does not consider or make judgments regarding legal standards for CWA jurisdiction”.  On the other hand, the EPA and the Corps intend to use the Final Report for that very reason and therefore, the clarity of the report as it relates to the regulatory issues at hand needs substantial improvement.   In particular, understanding how frequency and duration of flow through surface connections affect downstream water quality is extremely important, yet there is no quantitative (and little qualitative) discussion on these two factors.   The question related to how similar wetlands within a specific setting or region affect water quality is also an issue that needs to be analyzed by the science.  As a result, fundamental questions that need to be addressed by the EPA and Corps in formulating regulatory guidance have not been discussed in the Draft Report. 





Of particular concern is the need for a set of definitions that are consistent with current regulatory policy and to common scientific understanding.  The definitions of river, stream, wetland, and tributary need to be consistent with how they will be used in a regulatory setting (Leibowitz and Nadeau 2003).  Otherwise, the Draft Report will be assuming one definition in its analysis of the science when, in fact, the regulatory documents will be using a separate definition[footnoteRef:2]2.  For example, the Draft Report relies on the Cowardin wetland classification system for its definition of “wetland” rather than the regulatory definition used by the EPA and Corps.  While the Cowardin classification system is certainly a well supported and documented system, it is much broader in its inclusion of areas that would not be considered as “wetlands” or “other water” under any regulatory rule.  It will be difficult to support a regulatory decision based on the science, if there is inconsistency in the basic understanding of what was being considered as a wetland.  While I understand that the science rarely classifies the wetlands in a regulatory sense (or even in the Cowardin sense), this must be acknowledged as an uncertainty, and where possible, a means to select appropriately referenced literature.  [2: 2 A recently circulated version of a draft rule by the EPA and Corps, for example, uses a different definition “tributary” than the one in the Draft Report.] 






A key consideration in reviewing the literature also relates to the interpretation of significance.  In my experience, Corps regulatory staff, consultants advising clients, and the public do not have a clear understanding of how to interpret “significant nexus” in terms of understanding how wetlands and streams are regulated.  The Draft Report uses the word “significant” in various ways without defining how it is used, either as a statistical parameter or simply as a general statement.  Because a key element of the regulation that will be proposed by the EPA with support from this Draft Report must deal with a determination of the level of significance of any physical, biological, or chemical process; the Draft Report should carefully define how the term is used in this document and how the science reported therein provides support for determining a “significant nexus”.





While the word “significant” appears many times in the document with different meanings, the word “uncertainty” or “uncertain” does not appear at all within the document.  However, this must be a key concern to scientists who are publishing in this field and to understanding the issues that must continue to be investigated.  Many of EPA’s Science Advisory Boards have devoted specific attention to data validation and uncertainty analysis in their review of the science in a variety of topics ranging from air quality to public health.  I believe that the Draft Report should devote a specific section to the topics that have not been well documented by scientific research, to be clear as to the uncertainties affecting the findings, and recommend research that could be undertaken in those areas.  





Usefulness of the Conceptual Framework





The conceptual framework is based on fundamental processes affecting the hydrologic cycle and includes both surface and groundwater influences on rivers, streams, and wetlands.  This conceptual framework provides the basis for the subsequent chapters that focus on riverine systems (e.g. rivers and streams) and on two types of wetlands, those which are found in floodplains and labeled as “bidirectional” and those outside of floodplains which are labeled as “unidirectional”[footnoteRef:3]3.   Both of these terms have been developed, to my knowledge, within the framework of this document.  I recommend that a more commonly used classification system be used such as the hydrogeomorphic (HGM) classification system developed by Brinson (1993) as this has been adopted uniformly by wetland scientists and the literature is often based on such classifications.   [3: 3 I suggest that the terms applied to wetlands within and outside of floodplains be more neutral as the pre-analysis implication associated with the current word selection is an assumption of connectivity; perhaps just floodplain wetlands and non-floodplain wetlands would be a better choice.] 






Definitions of commonly used terms such as “river” and “stream” need to be better distinguished as currently the only distinguishing characteristic is the relative volume of water.  It will be particularly confusing in the arid west where the flows are non-existent for long periods, but then flows following rain events can be substantial and short lived. Furthermore, the terms perennial, intermittent, and ephemeral may be applied to both “rivers” and “streams” in the arid west as defined under the Draft Report; though the commonly accepted assumption is that rivers are perennial and streams may be any of those categories.  I suggest that the SAB consider expanding on the use of the Strahler system using stream order using sizes that range from a first order stream all the way to the largest, a 12th order stream.  First through third order streams are also called headwater streams[footnoteRef:4]4 and constitute any waterways in the upper reaches of the watershed.  Going up in size and strength, streams that are classified as fourth through sixth order are medium streams while anything larger (up to 12th order) is considered a river.  This may reduce the ambiguity and allow the SAB to focus on the science related to these various stream order groupings.  [4: 4 The glossary states that headwater streams are first to third order; however, the conceptual framework is not consistent with this definition and instead relies on the less precise terminology of river and stream.] 






I also believe that this section of the Draft Report would benefit from a more thorough discussion of flood flow frequency and flood zones.  At present, the Draft Report only deals with the floodplain in general; but does not distinguish between those areas that are subject to flooding every year or those subject to flooding in a 100 or 500 year event.  This discussion would allow for a greater understanding of the frequency and duration that wetlands within a floodplain may experience at differing distances and elevations within the floodplain.





One concept that is introduced in this chapter is that of “connectivity” which is defined as the “degree to which components of the system are connected and interact through various transport mechanisms”.  In addition, the concept of “isolation” is discussed as the “degree to which transport mechanisms are lacking”[footnoteRef:5]5.  The Draft Report argues that both play a role in affecting downstream water quality.  However, in the context of the regulatory environment, the focus should be on the term “degree” as defined by frequency and duration and relative to the position of the wetland in the landscape.  There is very little analysis in the Draft Report on this important term in the definition of connectivity. [5: 5 See comments related to isolation on page 9] 






The Conceptual Framework also discusses the science the role of groundwater in affecting rivers, streams, and wetlands.  The scientific basis for these concepts is well founded and accurate.  However, there should be some discussion on the differences in timing as it relates to groundwater flows which may range from days to tens of years in terms of the movement of water.  In addition, there should be some mention that some wetland types may be isolated from groundwater connections by aquitards.





One missing concept that is assumed, but not specifically discussed is that of watersheds.  While the Draft Report states that “In a discussion of connectivity, the watershed scale is the appropriate context for interpreting technical evidence about individual watershed components”, there is very little discussion about watershed scales within the context of the conceptual model.  The terms “catchment” and “drainage basin” are introduced in the glossary, but with no discussion as to their scale and significance.  This is particularly important to understand as it relates to the definition of “similarly situated wetlands in the landscape” that is discussed later in the document.





Comments on Characterization of Review and Literature on Downstream Connectivity and Support by Available Science





I believe that this section is well supported by the literature as cited and conveys the many potential connections, both physical and biological that can occur along the stream gradient.  As suggested above, I believe that this section should reorganized such that it is clearer when references are made to headwater streams, streams within the middle of the Strahler system, and those which are considered as rivers.  Given that the proposed rule making to be supported by this Draft Report is on headwater streams and particularly those that are either intermittent or ephemeral in their flows, this reorganization would allow the reader to better understand the status of the science in these systems.  It would also allow the SAB to better understand how to assess the level of study, degree of uncertainty, and need for further research in the headwater systems.  At present, it is difficult to separate out those studies that focused on rivers vs those in headwater systems.  





In an analysis of the literature, further refinement may be needed as often the database used will affect the conclusions reached.  For example, the Draft Report cites Alexander et al (2007) that modeled flow in first order streams; however, when reading their report, they focused on only streams that were considered perennial and therefore may not be reflective of first order headwater streams in general, and particularly in the western US.   Conclusions reached from their excellent analysis on nutrient dynamics; therefore, would only be applicable to perennial streams in a specific region of the US.  I recommend that the Draft Report organize the literature based on geographic location as it would then be easier to understand significant differences between various regions of the US.





An important distinction that also should be evaluated is the duration of flow within the headwater streams and their role in affecting downstream processes.  The Draft Report contains references that are focused on more perennial and intermittent flowing streams, but presents very little information on the processes occurring within ephemeral streams.  Because these systems are often the focus of jurisdictional disputes, the specific case history discussion contained in the Draft Report on southwestern streams is very useful.  A conclusion reached is that such systems are important to recharging local groundwater systems following surface flow events; however, it is not clear how this would relate to downstream water quality.  The findings by Hassan (1990) were cited in which it was found that sediment transport in these ephemeral desert streams did not provide a “sufficient link” to perennial rivers.  This was supported by other evidence from Lane et al (1997) for the San Pedro River.  Yet, the conclusion reached in this section was that “ephemeral streams export sediment to rivers in major hydrologic events” without discussion on the uncertainly and frequency at which this might happen.  I recommend that the Draft Report should acknowledge when the scientific knowledge is weak related to certain systems and to recommend the type of research that will be needed to address these areas.





Comments on Characterization of Review and Literature on Floodplain Connectivity and Support by the Available Science 





The Draft Report states that:





Most of the literature that we evaluate in this chapter does not specify the type or size of the stream or river (or other water body) that the wetland(s) are connected to or influence. If available, we note this information, but in many cases we can only discuss generic connections to streams, rivers, or downstream waters. However, given that rivers are connected to all upstream components of the river network, including streams (see Chapter 3), and the functional relationships between streams and rivers (see Chapter 4), we consider any evidence of connectivity with a stream (other than losing streams that are completely disconnected from the river network) to be evidence of connectivity with the river and other downstream waters.





In my opinion, this statement appears to discount a key element of the purpose of the Draft Report: to provide scientific evidence that could support a regulatory finding related to the degree of connectivity between wetlands and downstream waterbodies.   If the science does not contain sufficient evidence, it should be so stated and those studies may be given less relevance than those which do contain sufficient information to make valid conclusions on the degree of connectivity.





In this chapter, the Draft Report states that since “most papers on riparian areas and floodplains do not specific whether the area is a wetland”, the Draft Report will then combine all papers dealing with floodplains into one category.  Clearly, this does not assist in formulating specific policy for wetlands as questions will be raised as to the validity of the conclusions reached; especially since wetlands may be widely distributed by distance and elevation over floodplains[footnoteRef:6]6.  It is better to recognize this as an uncertainty and then focus only on that research which provides the level of distinction needed to evaluate the degree of connectivity between wetlands in floodplains.  Because many riparian areas are closely related to the edges of streams and rivers, it must be assumed that close proximity is a factor in evaluating connectiveness; however, it is not clear what the degree of connectivity is between wetlands found a greater distance and at higher elevations (e.g. within 25, 50, 100 and 500 year floodplains).  Because these areas are usually of most concern to regulatory policy, the Draft Report should provide greater scrutiny of such studies. [6: 6 The glossary definition of a floodplain is also vague and needs better definition as it simply states it is the area inundated under moderate or high flows.  This definition has little meaning in understanding the difference between wetlands located in an active floodplain that may be inundated on a 2 to 10 year basis from an inactive floodplain or terrace that is inundated every 25 to 100 years. ] 






Comments on Characterization of Review and Literature on “Unidirectional Wetlands” Connectivity and Support by the Available Science 





I am pleased with the discussion of hydrogeomorphic classification in this section as it helps the reader understand the overly broad and conclusive adjective (“unidirectional”) used in the Draft Report for this wetland category.  I recommend that this discussion on hydrogeomorphic classification be broaden so that the multitude of wetland types being covered within this section is understood.  I also believe that such an approach is more in tune with the scientific literature (Tiner 2003).  It is also important to note the type of wetland system being studied, e.g. permanent, seasonal, or temporarily flooded or inundated as the duration and frequency that the wetlands are wet will affect the processes being described.  For example, most of the studies cited under the section dealing with unidirectional wetlands as sinks or sources are perennially wet systems which are more likely to support the type of nutrient transformations described based on the long duration of anaerobic conditions.  The Draft Report would be of greater benefit to understanding the degree of connectivity if the classification system used were more precise and the duration of flooding or wetness was described for the findings reached. 





The Draft Report also argues that even those wetlands that are truly isolated are still important to nearby or even distant tributaries.  The Draft Report suggests that if these wetlands were not present, downstream water quality would be diminished.  In my opinion, such an argument presents a classic example of a false premise.  The fact is, if the wetland was not present, some other habitat similar to that which surrounds the wetland would occupy that area such as woodland, prairie grassland, desert scrub, chaparral, or non-wetland riparian woodland.  To suggest that these habitats have no function or role in ecological functions and/or downstream water quality is simply not true.  Grasslands can hold soil and are an important source of primary productivity, woodlands also provide important nutrient transformation from organic matter to nutrients within the complex biota of the soil, and chaparral and desert scrub provide important habitat and biodiversity to the system.  I do not believe it is a correct argument to suggest that if these upland areas were instead replaced by isolated wetlands, that the ecology of downstream tributaries would be improved.  I recommend that the Draft Report remove this discussion as a basis for asserting that the absence of connectivity is equivalent to or somehow beneficial to downstream water quality.





As one of the members assigned to this section of the Draft Report, I look forward to further participation with fellow Panel members to review this section of the Draft Report and to provide joint recommendations to the SAB for inclusion in its final report. 





This concludes my preliminary remarks for the Panel’s consideration.   I understand that the Panel will be receiving public comment and letters and that Panel members will distribute their Preliminary Comments prior to our meeting.  I am sure that this input will be valuable to our deliberations and  I look forward to these discussions and to hearing from my colleagues on the Panel for suggestions that can improve the quality of the Draft Report and to assist the EPA and the Corps in providing a critical assessment of the state of wetland science related to this important national issue.
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Overall Clarity and Technical Accuracy of the Draft Report 





1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 





Overall, the report is written well and it is very clear. There is some redundancy and overemphasis of certain things, but that does not affect the flow of the report. Technically, the report is generally sound, although there appears to be a bias toward certain literature. Very few papers are listed (in some chapters none) that do not support the major conclusions. This, indeed, might be the case, but authors should/could have shown that every effort was made to exhaust all the relevant literature. The major conclusions listed in the report are generally supported by the literature cited in the report. In several occasions the conclusions are overstretched. For instance, based on the literature cited, the report states that unidirectional wetlands are hard to evaluate for connectedness. The report then goes on and says the conclusions still apply to such systems because of their potential. Further, connectedness is addressed in a simple way. Strength of connectedness or significance of connectedness, in general, is not addressed. In several occasions loose linkages are used to show connectedness (e.g. bug moving from one system to another, fish eating the bug, etc.). With the same logic everything and everyone is connected (see the six degrees of separation theory, for instance).








Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function 





2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





This chapter is written in a very plain language with a lot of educational material in it. It presents a very nice introduction to the river systems, flow generating mechanisms, and how different water bodies can be connected through various hydrologic pathways. This background, therefore, is very useful to the general audience for interpreting many the evidences presented throughout the report on the connectivity of various water bodies.


A key point laid out in this chapter is the definition of “wetland”. This report uses Cowardin et al.’s (1979) definition, not the federal regulatory definition. Cowardin et al. (1979) defines three attributes. If an area meets any one of those three conditions then it is considered to be a wetland. The federal regulations, on the other hand, require all three conditions, and therefore are more restrictive. Consequently, swamps, bogs, fens, marshes, ponds, and pools are all considered to be wetlands. 


The report lists 5 functions by which streams and wetlands affect material fluxes to downstream, waters: source, sink, refuge, lag and transformation. This list is actually extension of Leibowitz et al.’s  (2008) list. The latter two in the list are added by the authors. In my opinion lag and transformation are redundant, i.e. Leibowitz et al.’s (2008) original list should suffice. Refuge and lag are very similar terms and can explain the same phenomena. Also, transformation can be considered under sink.


On page 3-28, connectivity is described as “the degree to which components of a system are connected and interact through various transport mechanisms; connectivity is determined by the characteristics of both the physical landscape and the biota of the specific system.” I don’t think connectivity is assessed in terms of “degree of connectivity” in this report. The focus was whether there is a direct or indirect connectivity, but not so much on the degree.


On page 3-35, lines 5-10: Overland flow does not only occur when rainfall intensities exceed infiltration rate (Hortonian type). It also occur when rainfall falls on saturated areas (saturation excess overall flow), which is the common type of overland flow generating mechanism in forested settings.


Page 3-17: I don’t disagree that biota should be considered in establishing connectivity. However, I do believe that this is the weakest link. Biotic linkages happen at a much larger spatial extent. If we use biotic linkages as a base, we can end up concluding that most terrestrial lands are connected to downstream waters. I think biotic linkages should be assessed with care and be given lower weights.








Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 


3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





This section provides good amount of literature, which are summarized nicely. Some corrections are needed though. In my view this section provides the strongest case for connectivity as it is easier to show connections of lotic systems. “nutrient spiraling” is a very important concept in showing connectivity of upstream headwater streams to downstream waters. 


One topic that slightly bothers me is the use of floods as means for connectivity. First, I don’t think there is a need to convince anybody that when flooded, there is a strong connectivity. In that sense the example given on page 4-46 (top of page) is redundant. During a flood many other things can be connected to downstream waters. Rare events should not be a base for connectivity.


The section on temperature (4.7.3.1.2) on page 4-48 can be deleted. It does not provide much relevant info on connectivity or isolation.


Section 4.7.3.2.1 Nutrient and other Chemicals: The second paragraph is a little deceiving and I believe the Dodds et al. (1996a) study is not interpreted correctly. The report claims that “nitrogen transport through four second- and third-order streams in the Kings Creek watershed ranged from 0.01 to 6.0% of the total nitrogen supplied by precipitation, the balance being retained by the stream system.” Nitrogen was not retrained in these streams; rather it was mostly retained in the terrestrial system. Similarly, the report refers to Alexander et al. (2008) study and list “instream nutrient uptake” as the likely reason for large streams delivering more of their N and P loads. I did not see any reference to nutrient uptake in that study.


Table 4-1 is not cited in text. Figure 4-8 needs better quality; streams are not visible.








Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes 


4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





The literature presented in this chapter is relevant. Some care is needed in interpreting literature. Improvement in text is needed in several places.


In several occasions in this chapter (including Table 5-1) wetlands are listed as the sources of downstream water. This statement is hydrologically not correct. Wetlands are not the sources of water; rather they are/can be located at the sources of water, such as springs. The conditions might favor the presence of a wetland.


The evidence on the first of paragraph of page 7 on the riparian vegetation influencing water levels needs some attention. Such effects are usually diurnal. Also, the statement “Phreatophytes (plants that obtain their water from the saturated zone) can intercept groundwater and overland flow before it enters a stream and decrease stream flow by directly taking up stream water through their roots” is very weak. The reference given for this is a 50 year old reference of Meyboom (1964). No other citation is given and I am personally not aware of such a citation supporting this.


The paragraph from line 11-23 on page 5-8 is contradicting. The first sentence states that “riparian areas can be a source of sediment to the stream, particularly through stream bank erosion.” All the citations given in that paragraph show the importance of riparian vegetation in controlling sediment. There is no evidence of riparian areas being sediment source.








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 


5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


In my view this is the most critical part of the report. Isolated wetlands are likely the most sensitive issue. The authors did a good job in summarizing the literature. However, as I mentioned at the beginning, very few papers are listed arguing their major conclusions. Again, indeed there might be very few or no such studies. Eventually, showing existence of something is easier than showing its nonexistence.


The last paragraph of page 5-16 forces the limits of connectivity. One does not need to go that far to show connection. The question is “what is the significance of such indirect connections”. This whole paragraph needs to be removed.


Section 5.4.2.1 “Surface Water Connections” of Unidirectional Wetlands refer to some really neat studies showing the connectivity of such systems. Yet, one asks the question, how long and how often water should flow from unidirectional wetlands to downstream waters to have a significant connection? This is not an easy question to answer. At the end of page 5-22 under the same section, an example is given. In 1996 during heavy spring days 28% of the wetlands in a study area had surface water connection. This is an example to extreme weather conditions and should not be used to reach general conclusions. 


In section 4.2.2.2 case is made about groundwater connection (either as recharge or discharge). I would like to add that any recharge area is connected to Groundwater, and therefore warrants protection.


Section 5.4.4. Biological Connection: I maintain my stance again on biological connectivity. This is often a weak link and the report overstretches this issue. For instance, on line 23-24 connection is established through wind dispersing seeds and pollen. Later in the same paragraph migratory birds are listed for dispersing seeds. This is simply too much. On line 13-16 of page 5-32 biological connectivity between proximal lakes and wetlands are established based on similarities of plant communities. Same can be said for terrestrial land. Plant communities will get more similar as they get closer. Again, overforcing the issue.


Page 5-36, line 11-13: Again, wetlands are not the source of the water. They are often located at the source. 


Last two paragraphs of section 5.7.2.5 are not much related to the topic of connectivity. I suggest their deletion.
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Overall Clarity and Technical Accuracy of the Draft Report





Charge Question 1. Overall impressions of the clarity and technical accuracy of EPA.s draft Report: Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.





EPA’s Report Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence attempts to summarize the current scientific understanding of broadly applicable ecological relationships that affect the condition or function of downstream aquatic ecosystems. The Report focuses on three primary aspects of Connectivity: hydrology, chemistry, and biology; and selects three types of natural systems as the upstream or upgradient origins for connectivity:  Lotic headwater stream systems that are directional, including ephemeral, intermittent, and perennial; Lentic wetland systems that are bidirectional; and Lentic wetland systems that are unidirectional, including “geographically isolated wetlands”.   The downstream aquatic ecosystems are presumably the mainstems of river systems, lakes, and oceanic water bodies (lagoons, etc). The goal of the report, which is to understand connectivity based upon peer reviewed literature and larger scale studies or case histories, is timely and welcomed as a holistic approach or integrated systems analysis is long overdue for understanding natural systems and the cascading effects of anthropogenic activities.





To accomplish the goals of the Report, and to accomplish successful watershed and wetlands management for water supply and water quality, it is important to understand the physical, chemical, and biological connections by which streams, wetlands, and open-waters affect downstream waters such as rivers, lakes, and oceans. Therefore, the Report correctly begins by presenting a conceptual framework (Chapter 3) that describes the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link them, and watershed factors that influence connectivity at various temporal and spatial scales.  The Report then builds on the conceptual framework to discuss the Lotic (Chapter 4) and Lentic (Chapter 5) Systems in context.  In summary, the overall report structure is excellent.  





The major technical accuracy issue regards the development of conceptual models for wetlands and watersheds to determine connectivity focused on in Chapter 3, and built upon in Chapters 4 and 5.  The conceptual models as presented in Chapters 2 and 3 are simplistic, inaccurate, and/or incomplete; the resulting analysis based on the conceptual models presented will, in many case histories, miss the connectivity relationships, or be quantitatively inaccurate for spatial and temporal analysis.  Chapters 4 and 5 have good organization and information, and the case histories rely on the geologic, geomorphologic, hydrogeologic, and groundwater system knowledge that needs to be presented in Chapters 2 and 3 for completeness.   Chapter 2 needs to be expanded to discuss the approach and development of Conceptual Models for wetlands and watersheds to determine connectivity that includes geology, geochemistry, geomorphology, hydrogeology, hydrochemistry, and groundwater systems with surface water and biological systems.  Based on the approach and development of Conceptual Models, the peer-reviewed literature should then be organized to support each of the Conceptual Model systems, which would include surface water, groundwater, wetlands, and watershed scale studies.  Chapter 3 needs to be greatly expanded to include the geologic, geochemical, geomorphologic, hydrogeologic, hydrochemical, and the groundwater systems to compliment the surface water systems that are presented. Chapters 2 and 3 need to discuss the multivariate time-space relationships that are critical for understanding connectivity amongst the system variables that are discussed in some of the case histories of Chapters 4 and 5.  





A discussion on the development of conceptual models for wetlands and watersheds to determine connectivity is presented for clarification and technical guidance.  This is followed by general comments and specified edits on clarity and technical accuracy of the Report particularly focused on Chapters 1,2, and 6. 


  


Development of Conceptual Models for Wetlands and Watersheds to Determine Connectivity:





 Wetlands and Wetland Downstream/Down gradient Connectivity can be viewed conceptually like the human body.  The critical parts of the wetlands and watershed/groundwater basin system are the “skeleton”, or geologic framework of the system; the “skin”, or geomorphologic “cover” of the system; the circulatory system, or the surface water hydrology of the system; the lymph system, or the groundwater hydrology of the system; and ultimately the living organism itself, or the biogeohydrochemical nature of the organism as a whole – the wetland and the watershed upstream and downstream.  Wetlands and watershed/groundwater basins are multi-scale and multi-temporal entities, and should be approached dynamically as such.  The EPA Report falls short by not discussing all of the key components, including scale and temporal aspects, of the wetlands and watershed systems.





The “skeleton” of the wetland/watershed system is the geologic framework.  The geology provides the framework or subsurface structure, and is the foundation upon which wetlands/watershed-groundwater basin derives its surface and subsurface water quantity and water quality, and controls the landscape setting with such variables as topography, gradient, and climate interaction and resolution.  The geology and corresponding hydrogeology is critical in connectivity for providing long term sustainability of groundwater and surface water systems, particularly in arid, semi-arid, and subhumid environments, and including the alpine and arctic environments.  Examples of these bedrock-controlled wetlands and watersheds are found throughout the western United States and Alaska.  Fractured Karst and Volcanic (for example, basalt) bedrock control the surface and subsurface hydrologic systems in ALL climates, and are critical to understanding the downstream connectivity of wetlands systems.  Examples of these bedrock controlled wetlands and watersheds are found throughout the karst regions of the United States, including Florida, Illinois, Indiana, Pennsylvania through Virginia, West Texas and New Mexico, and the volcanic regions of the United States, including Washington, Idaho, Oregon, Colorado, and New Mexico.  All conceptual models for wetland and watershed systems should be developed with a firm understanding of the geologic/hydrogeologic materials and structure as the “skeleton” or framework for the physical, hydrological, chemical, and biological analysis of wetlands and watershed, including connectivity.  The EPA Report falls short by not discussing the geologic/hydrogeologic framework as a key component of the connectivity of aquatic systems as there is a large quantity of literature available on these topics.





The “skin” of the wetland/watershed system is the geomorphologic “blanket” that covers most of the earth surfaces, and is the culmination of the geomorphologic processes and responses (unconsolidated materials) over time that covers the “skeleton” or geology.  All geomorphologic materials will affect the surface and subsurface movement, chemistry, and biology of water, and are critical to the understanding of stream and wetland connectivity.  Typical hydrogeomorphic materials can include pedogenic (soils), fluvial (floodplain, terrace -- abandoned floodplain, fans and bajada), eolian (sand dunes, loess), mass wasting (all sorts of gravity induced materials such as landslides), glacial (moraines, till and drift, outwash plain), oceanic (dunes, marine deposits), and human debris (such as builder’s “colluvium”).  These materials are responsible for the response time for surface water hydrographs, which is the process of through flow or interflow or temporary “saturated flow” during an event.  Overland flow only exists on such surfaces as parking lots, roof tops, roads, and sidewalks; plowed fields or other agricultural alterations to the land surface; and also on the Navajo Sandstone in Arches and Canyonlands National Park, OR if the precipitation event is so rapid and so intense or so long that the saturated materials can’t absorb any more rain making water flow on the surface feasible.  In most cases, through flow and interflow are the main processes, and the hydrogeomorphic materials are the “skin” framework for stream and wetland connectivity with downstream waters.  This “skin” is responsible for the short-term sustainability of most wetland and watershed systems, and is usually working in conjunction with the bedrock hydrogeologic framework for the long-term sustainability of these systems.  A hydrobiological “skin” of special interest is peat, which is formed usually as the result of long-term groundwater and biological processes working together.  All conceptual models for wetland and watershed systems should be developed with a firm understanding of the geomorphological processes (past and current) and the resulting hydrogeologic unconsolidated materials (composition, continuity, and geometry) as the “skin” or unconsolidated framework for the physical, hydrological, chemical, and biological analysis of wetlands and watersheds, including connectivity.  The EPA Report falls short by not discussing the geomorphologic processes and resulting framework or materials, particularly the hydrogeomorphic relations, as a key component of the connectivity of aquatic systems as there is a large quantity of literature available on these topics.





The circulatory system of the wetland/watershed system is the surface water hydrology and its components, like dissolved constituents and particulate sediments, and biological material, and is the culmination of the geological/hydrogeological “skeleton”, and the surface and near surface geomorphologic processes (including climate) and responses (unconsolidated materials or “skin”) over time.  The physical aspects of the surface water system are usually conceptualized as a water balance or water budget, and includes natural and anthropogenic inputs (climate, groundwater into gaining streams, reservoirs and diversions, wetlands, for example), outputs (flow downstream, evapotranspiration, human diversions, for example), and storage/change in storage (for example, wetlands and floodplain processes) if transient, and most systems are transient.  The physical attributes are the foundation (yet again) for the chemical and biological (human) materials, and frequently the mass balance approach can be used for measurement.    All conceptual models for wetland and watershed systems and their connectivity should be developed with a firm understanding of the surface water processes (past and current) as the circulatory system for the physical, hydrological, chemical, and biological analysis of wetlands and watersheds, including connectivity. The EPA Report falls short by not discussing surface water systems in the context of the geology/hydrogeology, and the geomorphologic processes and resulting framework or materials, particularly the hydrogeomorphic relations and the processes of through flow and interflow, as key components of the connectivity of aquatic systems as there is a large quantity of literature available on these topics.





The lymph system of the wetland/watershed system is the groundwater hydrology and its components, like dissolved constituents and particulate sediments and biological material, and is the culmination of the geological/hydrogeological “skeleton”, the surface and near surface geomorphologic processes (including climate) and responses (unconsolidated materials or “skin”), and the surface water system (circulatory system) over time.  The physical aspects of the groundwater system are usually conceptualized as a water balance or water budget, and includes natural and anthropogenic inputs (climate – precipitation and infiltration, surface water such as losing streams and reservoirs, irrigation such as lawn watering and cropland, for example), outputs (flow down gradient into a regional groundwater system, evapotranspiration by phreatophytes and other wetland species, human intrusions such as wells, for example) , and storage/change in storage (for example, wetlands and stream interaction processes) if transient, and most systems are transient.  The physical attributes are the foundation (yet again) for the chemical and biological (human) processes, and frequently the mass balance approach can be used for measurement.    All conceptual models for wetland and watershed systems and their connectivity should be developed with a firm understanding of the groundwater processes (past and current) as the lymph system for the physical, hydrological, chemical, and biological analysis of wetlands and watersheds, including connectivity.  The EPA Report falls short by not discussing groundwater systems in the context of the geology/hydrogeology, the geomorphologic processes and resulting hydrogeomorphic framework or materials, and the interactions with the surface water systems as key components of the connectivity of aquatic systems as there is a large quantity of literature available on these topics.





Finally, the “living organism” itself, or the biogeohydrochemical nature (including connectivity) of the organism as a whole – the wetland and the watershed, is the culmination of the geological/hydrogeological “skeleton”, the surface and near surface geomorphologic processes and responses (unconsolidated materials or “skin”), the surface water system (circulatory system),  and the groundwater system (lymph system) over time.  The chemical system, including inputs, outputs, movement, transformation of substances, and storage; and the biological system (microbial through human forms, the concept of landscape ecology at multiple scales) should be analyzed hierarchically in the context of the other four subsystems.  The chemical systems can have origins from without and within the wetlands or upstream waters. The upstream waters and wetlands can transport, store, and transform the chemical species.  The chemical species can then move (connectivity) to the downstream waters in physical (such as sediment), hydrological (sediment, dissolved, biological), and biological pathways.  The biological systems (all scales) can have origins from without and within the wetlands and upstream waters.  The upstream waters and wetlands can transport, store, and transform the biological species.  The biological species can then move (connectivity) to the downstream waters in physical (such as airborne and terrestrial mechanisms), hydrological (hitchhiking on sediment, swimming, floating, etc.), and biological pathways (airborne and terrestrial). All conceptual models for wetland and watershed systems and their connectivity should be developed with a firm understanding of the “skeleton”, “skin”, circulatory system, lymph system, and the biogeohydrochemical nature.  The EPA Report does begin to address the relations of these “foundation” systems in Chapters 4 and 5, particularly in the Case Histories presented in Sections 5-6 thru 5-9, but falls short by not discussing the geology/hydrogeology, the geomorphologic processes and resulting hydrogeomorphic framework or materials, and the groundwater systems as key components of the chemical and biological connectivity of aquatic systems in Chapters 2 and 3.





 Wetlands and watershed/groundwater basins and their connectivity are multi-scale and multi-temporal entities, and should be approached dynamically as such.  The tendency for most investigators is to focus more closely to the microbial or site scale, and not pay attention to the subregional and regional aspects of the area, or is to focus on the immediate process/response systems (annual thru decadal engineering time) and not the dynamic changes occurring over longer time periods (millennial thru geomorphological time) to properly evaluate the temporal aspects of the connectivity being studied.  These short-time period, site-scale studies frequently result in large amounts of non-cost effective data being incorrectly collected at less optimal locations and analyzed out of context. The EPA Report falls short by not discussing in Chapters 2 and 3 the multi-scale and multi-temporal aspects of wetlands and watershed/groundwater basins and their connectivity as there is a large quantity of literature available on these topics.





Finally, connectivity is a multivariate phenomenon and most studies are not holistic and tend to focus on single-variable cause and effect relations. Most of the peer-reviewed literature studied is of this venue, and to generalize the results, as many chapters in this Report have presented, can result in inaccurate conclusions.  Each system is unique, and the analog or case history approach may not have the answer to the connectivity question as applied to a different area.  Hence, an integrated, hierarchical multidisciplinary approach that satisfies the rigor of each discipline is needed for application to each stream/wetland connectivity situation (see Kolm and others, 1996; also Kolm and Langer, 2001).





In order to guide the conceptualization of the study area for wetlands connectivity to downstream waters, a logic diagram is provided (Attachment #1 modified from Kolm and others, 1996; Kolm and Langer, 2001), an ASTM STP reference is provided specifically related to groundwater (Attachment #2: Kolm and others, 1996); and the ASTM D 5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems is provided (Attachment #3). The ASTM D 5979-96 Standard Guide was sponsored by US EPA in the 1990s for the development of Groundwater Standards and Standard Guides.






Clarity and Technical Accuracy of Document





In summary, the major technical accuracy issue regards the development of conceptual models for wetlands and watersheds to determine connectivity focused on in Chapter 3, and built upon in Chapters 4 and 5.  To restate for emphasis, the conceptual models as presented in Chapters 2 and 3 are simplistic, inaccurate, and/or incomplete; the resulting analysis based on the conceptual models presented will, in many case histories, miss the connectivity relationships, or be quantitatively inaccurate for spatial and temporal analysis.  Chapters 4 and 5 have good organization and information, and the case histories rely on the geologic, geomorphologic, hydrogeologic, and groundwater system knowledge that needs to be presented in Chapters 2 and 3 for completeness.   To restate for emphasis, Chapter 2 needs to be expanded to discuss the approach and development of Conceptual Models for wetlands and watersheds to determine connectivity that includes geology, geochemistry, geomorphology, hydrogeology, hydrochemistry, and groundwater systems with surface water and biological systems.  Based on the approach and development of Conceptual Models, the peer-reviewed literature should then be organized to support each of the Conceptual Model systems, which would include surface water, groundwater, wetlands, and watershed scale studies.  To restate for emphasis, Chapter 3 needs to be greatly expanded to include the geologic, geochemical, geomorphologic, hydrogeologic, hydrochemical, and the groundwater systems to compliment the surface water systems that are presented. Chapters 2 and 3 need to discuss the multivariate time-space relationships that are critical for understanding connectivity amongst the system variables that are discussed in some of the case histories of Chapters 4 and 5. 


 


The following are specific comments referring to Chapters 1, 2, and 6, and contain the main problems with clarity and technical accuracy of the document.  Additional comments are provided with each Charge Question.  In addition, the document should be edited to remove the informal “we” and “our” as this is a technical document, and there are many edits, such as the ubiquitous usage of ambiguous pronouns that need to be removed.  Finally, the document should be edited for one style as the current document reads like a conglomeration of vastly different styles.  





I.0  Executive Summary Comments: 





Comment #1:





P 1-1 Lines 3 – 13: Paragraph 1:  Initial concern that bedrock systems, such as karst and fracture rock (granite, for example), and sandstone hydrogeologic systems, will not be considered and, particularly in the western US, these are the main sustainability and fluid suppliers to local and regional downstream events.  There is a tendency to focus on the surface and near surface geomorphic systems, including peat and alluvium, whereas the long term contaminant and fluid flow is frequently hidden beneath in the bedrock systems whose structure and function is to sustain the shallow systems.  This is actually true for most climates.





Comment #2:





P 1-2: Figure 1.1 :  This diagram confirms Comment #1 that the bedrock systems are ignored, and, in wetlands and streams, bedrock systems simply cannot be ignored.  It appears that the materials surrounding  the stream shown on Figure 1.1 are weathering (soils) or mass wasting (Qls on many geologic maps) or maybe even eolian (Qs on many geologic maps) in origin and character.  In most of the arid, semi-arid, and sub-humid hydrologic systems, these materials are, at best, in the infiltration/recharge zones of groundwater systems, or interflow/through flow zones (temporary saturation at best) during precipitation events.  These materials can be important to wetlands and downstream activities, but not necessarily as shown in Figure 1.1.  Figure 1.1 needs to show a more robust, integrated surface water and ground water system that includes the possibility of bedrock systems, and connects all the features to wetlands and streams.   Most wetlands are not disconnected from the big system in some way.  Figure 1.1 can be easily made to show at least two scales:  1) wetlands and stream scale, and 2) watershed scale; whereas the current figure shows something in between 1) and 2) that can be misleading. Since the document has two approaches in later chapters to analyzing the hydrologic systems, these should be included on Figure 1.1.  In the western US lands, two different categories of wetlands define these approaches:  1) Slope wetlands, which are unidirectional usually groundwater controlled wetlands and downstream events; and 2) Riverine wetlands and streams, which are bidirectional due to seasonal watershed events verses long-term sustainable groundwater system processes.


  


Comment #3:





P 1-2 and 1-3: The case histories used in the document do not represent the arid, semi-arid, sub-humid, and high elevation areas of the western third of the United States. The section of California chosen as an example is not representative of the vast major of wetlands located west of the 100 meridian.  If this document is to be used as guidance for downstream connections, this region of the country must be represented as the other case histories fail to give guidance to these kinds of wetlands and watershed landscapes. 





1.2 Summary of Major Conclusions





Comment #4:





P 1-3 Lines 11-27: Tributary streams and main stem rivers all function in the same way:  transportation of sediment (natural and human-natural), water (on occasion in some locations), chemical compounds (in solution, suspension, and bedload), and biological materials (micro to macro, fish, etc), so it is relatively indisputable as to the main function of a stream.  The devil is in the details:  how much, when and how often, and by what process, for starters – not all tributaries and main stems are created equal.  This concept is not really emphasized in conclusion 1) and should be. The importance of a correct conceptual model of how the system works is critical to this analysis.





P 1-3 Lines 28 – 39: Bidirectional wetlands and river segments, referred to as seasonally gaining and losing streams that show interaction between the surface water and groundwater systems OR referred to sometimes as “riverine” wetlands in the literature, have tremendous function in downstream waters due to  BOTH surface and groundwater systems.  The devil is in the details:  what structure and function: how much, when and how often, and by what process; and this should be emphasized in the conclusions.  The importance of a correct conceptual model of how the system works is critical to this analysis.





P 1-3 Line 40-43; P 1-4 Lines 1-20: Unidirectional wetlands and river segments, which are usually closed-basin/climate controlled or groundwater controlled (referred to as “slope” wetlands in the Rocky Mountains, Colorado Plateau, and Great Basin among other areas), have a variety of diverse functions based on landscape position, and other environmental variables.  Again, the devil is in the details:  structure and function: amount, when and how often, and by what process; and this should be emphasized in the conclusions.  The importance of determining a correct conceptual model of how the hydrologic system (surface and groundwater, physical, chemical, and biological) works is critical to this analysis.





Comment #5:  





P 1-4  Lines 22-24: The role of the groundwater system is not emphasized in the 3 conclusions.  The groundwater system is the lymph system of the landscape whereas the surface water system is the circulatory system.  The role of the geology/hydrogeology and the geomorphology is not emphasized in the 3 conclusions.  The geology/hydrogeology and geomorphology provide the basic structure and materials to the system, and enable many of the functions to occur, so these physical features act as the skeleton and the skin of the system.  A holistic systematic approach needs to be part of the summary of major conclusions and needs to include the skeleton, skin, circulatory, and lymph system or the actual structure and function of the wetlands and upstream waters for downstream surface water system connectivity will be missed.  This is the elephant having the foot, trunk, and ear being studied, but the whole body of the elephant is not taken into account. 





1.3  CONCEPTUAL FRAMEWORK OVERVIEW





Comment #6: Line 10 p. 1-5





The statement should be water movement through the surface water and groundwater systems provides connectivity of the upstream and downstream processes (circulatory and lymph system).  A paragraph about how to formulate a correct conceptual model to determine the connectivity of wetland/upstream waters and downstream waters should be provided.  


 


Comment #7:





Line 17 Page 1-5:  Other factors are equally important.  Need to summarize geology/hydrogeology and geomorphology/hydrogeomorphology (skeleton and skin) before discussing aquifers.  For a holistic, multidisciplinary systems analysis, all the hydrologic system factors should be mentioned:  Topography, soils, vegetation and ecosystem components of interest, surface water (amount, type, and distribution), climate (precipitation type and distribution, etc), geomorphology, geology (structure, geochemistry, etc), hydrogeology (potential aquifers), and include anthropogenic activities that  influence all of these other aspects (humans are part of the natural system).  The study of non-anthropogenic (“natural”) vrs anthropogenic (“human”) changes could be mentioned (before and after). In addition, the term used in hydrology for downstream or down gradient (groundwater) effects is “cascading effects”.





1.4 DISCUSSION OF MAJOR CONCLUSIONS





1.4.1 Conclusion (1) :  Streams





Comment #8:





P 1-6 Line 29, 30:  Downstream connectivity through groundwater functions not considered.  This is very important in arid, semi-arid, sub-humid hydrologic systems.


Line 32 Groundwater discharge to streams in the middle and lower part of watersheds also important for transport of physical, biological, chemical constituents.





Why the huge emphasis on nutrient spiraling? 





Comment #9:





P 1-7 Line 15-24:   Regional bedrock systems sustain the majority of the southwest aquifers along with geomorphic deposits like alluvium.  Many of the groundwater systems would be dried up if totally reliant on alluvial systems. Regional aquifers are important though out the US and the world.  In the eastern US, the karst systems are critical to many areas.  In the western US, the Pre-Cambrian bedrock systems sustain the Rocky Mountain streams equally to the snowpack scenarios that are advertized.  





Why the emphasis on woody material? The major material moved is sediment of various sizes and chemistry.  





 Comment #10:





P 1-8 Line 5: Beneficial transformation – why not just transformation?  “Beneficial” is a judgment or economic call.  The emphasis seems to be nutrient cycling – other examples?





Comment #11:





P 1-8 Lines 19-28: There is an overwhelming emphasis on nutrient cycling.  This is a specific application for a general document.  Why emphasize this in the introduction, summary, and conclusions?  





1.4.2  	Conclusion (2): Riparian/Floodplain Waters





1.4.3  Conclusion (3);  Unidirectional Wetlands





Comment #12:  P 1-10 Line 29: Retention of sediments should be mentioned.  Many of these wetlands are groundwater driven, particularly in the arid, semi-arid, subhumid systems of the western US.  Many of these wetlands have a downstream exit to the surface hydrologic system, and are an important water source (flow) with specific water chemistry and water biology at the wetland source, and wetland exit.  Most of the sediment is derived from non-channel sources (mass wasting processes or overland flow, for example).





Comment #13:  P 1-11 Line 30:  Unidirectional wetlands can also serve as a source for pollutants as well.  The groundwater quality of the groundwater discharge determines the chemistry in many cases.  The bedrock system, including both natural and altered hydrogeochemistry is an important variable.





Comment #14:  P 1-12  Lines 12 – 33: Conclusions d, e.  Conclusion d is close to the truth.  Conclusion e needs to state clearly the importance of hydrologic systems analysis and a conceptual model for determining connectivity.  Most of these unidirectional wetlands are connected in some way to the larger system.  There are some exceptions, such as the Nebraska potholes, that these depression wetlands once were the termination of the hydrologic system.  Some of the Nevada playa lakes similarly function in this manner.





1.5   CLOSING COMMENTS





Comment #15. P. 1-13 Line 18:  Is heat energy a “material”? The discussion is mostly about mass, not energy.





P. 1-13 Lines 29, 30:  connected by…… shallow or bedrock groundwater systems, perennial or intermittent flow of streams.


  


Comment #16.  Line 35:  Most unidirectional wetlands in the arid lands are groundwater to surface water or slope wetlands, so they don’t attenuate floods as a general statement.  Instead, these unidirectional wetlands provide sustainability for surface water flow downgradient, interesting water chemistry (natural or human induced), and frequently biota from the subsurface along with sustaining wetland species on the surface.


  


Comment #17 P 1-14  Lines 8 – 19:  Agree strongly with the paragraph on “geographically isolated”  wetlands! If the proper conceptual model is completed, most of these wetlands are not “geographically isolated”.  Lines 20 – 36:  This is what a systems approach is all about, but not just for small ponds or swales.  This is a multiscale approach connecting these small features with the landscape perspective.





2.0 INTRODUCTION





2.1 PURPOSE AND SCOPE





Comment #18 P 2-1 Line 24, 25:  Statement is totally incorrect if not misleading.  Bedrock systems sustain the vast majority of arid, semi-arid, sub-humid, and many of the remaining climatic regime wetlands and downstream rivers.  In the humid regions, karst and fracture flow systems are very prevalent.  This is a major flaw for the entire report.  





General Comment #66:  Section 5.5 WETLANDS: SYNTHESIS AND APPLICATION: This section needs a complete rewrite and reorganization. This is an important section, and it is apparent that the section as written does not recognize the systematic approach to determine the structure and function of unidirectional wetlands, or how to conceptualize the wetland hydrology in these cases.  This is not new science for hydrogeologists, surface water and groundwater hydrologists, who have the tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands.  Most of these types of wetlands exist spatially and temporally because of the geology, geomorphology, hydrogeology, and hydrologic (groundwater and surface water) systems caused by these three aspects of the landscape. This section should be written with these systems as the foundation.





6.0 CONCLUSIONS AND DISCUSSION





6.1 MAJOR CONCLUSIONS





General edits


:  


Conclusion #1: P 6-1 Lines 6,7. Change “exert a strong influence” to “are connected to downstream waters; therefore, these streams affect the character, structure, and function of downstream waters”.  Line 13: “Wood” is organic matter; just state “organic matter”. Line 19 – 22:  Rewrite as: ‘Streams and downstream waters are connected physically, hydrologically, chemically, and biologically.  The physical characteristics of connectivity include WWW and are measured and evaluated by WWW methods.  The hydrological characteristics of connectivity include XXX and are measured and evaluated by XXX methods.  The chemical characteristics of connectivity are YYY and are measured and evaluated by YYY methods, and the biological characteristics of connectivity are ZZZ, and are measured and evaluated by ZZZ methods. 





Conclusion #2: P 6-1.Line 28. Replace “they” with “Bidirectional wetlands”…  Replace “they” with “phosphorus, and provide…”  Line 30 Omit “Moreover”, line 32 omit “they”.





Conclusion #3:  P 6-1 Line 40 Omit “we refer to as” replace with “are classified as “.  P 6-2 Lines 3-5 Omit “Because such wetlands occur….available literature”. In fact, rewrite lines 1 – 15.  Most of this is hedge babble.  Just state the facts from the literature. Omit the “we”s like “we reviewed”, etc.


 


6.2  DISCUSSION


General edits:  P 6-2 Line 18 Omit “Our review of the literature”. This is not a progress report.  The opening sentence should be declarative: “There is abundant evidence……” 





General comment # 69:  Connectivity is not a function.  The streams and surface water systems have structure and function.  The wetlands have structure and function.  The hydrogeology, hydrogeomorphology, and groundwater systems have structure and function.  The steams, wetlands, and hydrogeology work together resulting in connectivity. The physical nature of these systems can be characterized and documented for connectivity.  The chemical nature of these systems can be characterized and documented in the context of the physical systems for connectivity.  The biological nature of these systems can be characterized and documented in the context of the physical and chemical systems for connectivity.  This is how the Discussion should be organized. 





P 6-2 Lines 21, 22: Heat energy is not a material or mass and should be omitted here.  Wood is a subset of organic matter, and should not be singled out here. Omit “heat energy” and “wood”.  Line 24: “river system is” should be replaced by “surface water and groundwater systems are” ; omit “but certainly not the only”. 





Comment #70:  This entire discussion will need to be rewritten based on responses to comments and changes recommended by the Panel and other contributors to the document.


  


Conceptual Framework: An Integrated Systems Perspective of Watershed Structure and Function





Charge Question 2.  Comments on the clarity, technical accuracy, and usefulness of the conceptual framework describing the hydrologic elements of a watershed and the physical, chemical, and biological connections linking these elements.





Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed, the types of physical, chemical, and biological connections that link these elements, the watershed climate factors that influence connectivity at various temporal and spatial scales (e.g. see Figure 3-1 and Table 3-1).  In concept, Chapter 3 is not only useful, but along with Chapter 2, necessary for Chapters 4 and 5 to have context and meaning with regards to connectivity.  





The conceptual models as presented in Chapter 3 are simplistic, inaccurate, and/or incomplete, and need to be revised/expanded to include bedrock and geomorphologic hydrogeology and groundwater systems and connections along with surface water and climatic systems.    The case histories presented in Chapters 4 and 5 have good organization and information, and rely on the geologic, geomorphologic, hydrogeologic, and groundwater system knowledge that needs to be presented in Chapter 3 for completeness.   As stated earlier, Chapter 2 needs to be expanded to discuss the approach and development of Conceptual Models for wetlands and watersheds to determine connectivity that includes geology, geochemistry, geomorphology, hydrogeology, hydrochemistry, and groundwater systems with surface water and biological systems.  Chapter 3 needs to be restructured and greatly expanded to include the geologic, geochemical, geomorphologic, hydrogeologic, hydrochemical, and the groundwater systems to compliment the surface water systems that are presented. Chapter 3, like Chapter 2, needs to discuss the multivariate time-space relationships that are critical for understanding connectivity amongst the system variables that are discussed in some of the case histories of Chapters 4 and 5. 





The following are specific comments referring to Chapter 3, and contain/reiterate the main problems with clarity and technical accuracy.  In addition, Chapter 3 should be edited to remove the informal “we” and “our” as this is a technical document, and there are many edits, such as the ubiquitous usage of ambiguous pronouns that need to be removed.  Finally, Chapter 3 should be edited for one style as the current draft reads like a conglomeration of vastly different styles.  





3.0  EFFECTS OF STREAMS AND WETLANDS ON DOWNSTREAM WATERS:  A CONCEPTUAL FRAMEWORK





3.1 INTRODUCTION





Comment #19: P 3-1 Lines 4-20:  Opening paragraph:  Need more references on integrated systems approach (see general comments).  The introduction shows that the document starts at the circulatory system (river system) without building the skeleton or skin (geologic and geomorphologic, hydrogeologic and hydrgeomorphologic framework).  References on HGM are needed.





3.2 AN INTRODUCTION TO RIVER SYSTEMS





3.2.1 River System Components





Comment #20:  P 3-1 Line 25, and again in P 3-2 Line 7 Subsurface water is tied to the definition of stream.  This is not how hydrologists or engineers define streams as this definition ties together the circulatory system (streams and rivers) to the lymph system (groundwater), which have two totally separate functions physically, chemically, and biologically, and are measured and quantified as separate, but related systems.





Comment #21: P 3-2 Stream Order.  The entire concept of stream order is flawed for the characterization of connectivity since each tributary has a unique set of environmental variables at the headwaters, midstream, and main trunk.  A hierarchical hydrologic and environmental systems analysis will show this.  Stream Order was an attempt to quantify regional features in similar geologic, geomorphic, and climatic areas to gain some statistical knowledge of the distribution of flow and contaminants to a river system.  Whereas this may give some regional insight, the methods fall apart under actual field scrutiny.  The literature cited is old and would not stand up in legal proceedings in today’s environmental issues.  Strahler’s work is a great attempt to find some regional correlations between geographic and geomorphologic stream variables, but stream connectivity analysis would be better defined using the sediment type, water and sediment chemistry, and biology, for example. We can also quantify the circulatory system (stream flows (Qs)) and lymph system (groundwater flows (Qgw)) with great sophistication.





Comment #22  P 3-4 line 28:  Terraces by definition are abandoned floodplains.  These can be abandoned due to climate, tectonics (locally an uplift, for example), or anthropogenic activities such as cattle grazing – not just climate.


  


Comment #23 P 3-6:  Figure 3-3 a.  This figure is confusing; draw phreatophytes next to the stream and river on figures, or use the term potential riparian or floodplain area.  





Comment #24 P 3-7 Line 31 and 32:  Tiner (2011) has a valid point, and most of the bedrock Rocky Mountain Wetlands are not bidirectional, and, in fact, show where groundwater is controlling the input into streams and rivers.  These wetlands should not be considered bidirectional as rarely do bank overflows influence the riparian system in these situations.  Again, a hydrologic and environmental systems analysis will show these relationships.  The real problem is that many landscape settings for bidirectional wetlands are gradational, which make evaluation and classification problematic. 





3.2.2 River System Hydrology





Comment #25:  P 3-9:  General discussion of saturated vrs unsaturated zone:  A sentence regarding  the transient nature of this boundary called the water table is needed as the temporary “saturated zone”, frequently referred to as through flow or interflow in surface water analysis and modeling, is a real process that moves chemical and biological materials.   In the Rocky Mountain systems, this through flow or interflow process is responsible for the hydrograph responses in rivers and streams frequently and incorrectly called “overland flow”, when in reality the process of interflow is occurring through geomorphic materials.





P 3-9: Figure 3.4 is OK for gaining streams, but does not address the issue of losing streams seen in the arid and semi-arid lands of the western US, or the losing streams in karst regions located in all climates.





Comment #26:  P 3-11 Line 1 and 2:  The document is flawed by not considering bedrock groundwater systems and related connectivity to streams – particularly in karst and fracture flow regions, such as Missouri, S Illinois, Arkansas and Oklahoma, the Appalachian Mtns, and Florida, and in areas of regional discharge, such as the coastal plains of the east coast US under the Carolina Bays or the Ogallala aquifer discharge zones of the high plains in the central US.   These bedrock systems are critical to most of the wetlands and downstream environment and processes in the corresponding regions.  The diagram should be expanded to include these types of aquifer systems as well.





P 3-11 – 3-13: The document is finally providing a brief description of the lymph system (groundwater) within the circulatory system (stream and river flow) in this section.  There is still minimal discussion of framework (geology and hydrogeology) or hydrogeomorphology, which is needed.





Comment # 27:  3-12 and 3-13 and 3-14 Line 2: General discussion and diagrams:  Need a definition of through flow or interflow for surface water systems.  Return flow means subsurface water comes back out to the river, stream, spring, or seep.  Overland flow works for sidewalks, streets, Pierre shale surfaces in the badlands of South Dakota, plowed agricultural fields and denuded lands, and slick rock surfaces in the canyon lands of Utah.  Through flow /interflow, not overland flow,  is one of the dominant mechanisms for moving near surface water through geomorphic materials resulting in the hydrograph peak of a precipitation event in the Rocky Mountains and western US.  The Rocky Mountains have a very porous hydrogeomorphology (glacial debris and deposits, mass wasting, alluvial, and even eolian deposits) to transmit this subsurface water to the wetlands and streams, for example.





Comment #28:  Figure 3-7:  Suggest showing at least two seasons for each cycle.  Good figure.





Comment #29:  Figure 3-8 needs to be labeled time or days/hours instead of October 1973. Figure 3-9 is not useful for this discussion and can be eliminated.  





General comment – the discussion of water movement between floodplains and rivers/streams is generally good.





Comment # 30:  Figure 3-13 on P 3-24:  Draw the water table as flat to the flooded surfaces.  The “dip” in the water table shown is very temporary, and the WT responds to the river level and flood level almost instantaneously in most cases. In the bottom part of the figure, the new water table should be drawn like the top part.


  


3.3 INFLUENCE OF STREAMS AND WETLANDS ON DOWNSTREAM WATERS





Comment #31: P3-25 Line 3 Is heat energy a “material” or a property? Line 8 fluxes to changed to “to and in the river.” Line 27 minor edit For should be for.





3.3.1. Effects of Streams and Wetlands on Material Fluxes





Comment #32 P. 3-27 Line18, 19  such as the river itself????  River flow maybe?





3.3.2. Connectivity and Transport of materials to and from Streams and Wetlands





3.3.2.1. Connectivity and Isolation





Comment #33 P 3-28 Lines 10-20  Still downplaying the groundwater component.  Groundwater is also the “hydraulic waterway” in connectivity.





P 3-30 Figure 3-14 is a good diagram for illustration purposes.





3.3.2.2. Spatial and Temporal Variability of Connectivity





Comment #34:  P 3-32 Line 11  Rewrite as “have seasonal or event, such as short-term flash flooding, connectivity”.  Flooding after an event has large instantaneous, but short-duration connectivity.





3.4 FACTORS INFLUENCING CONNECTIVITY





Comment group #35:  P 3-33 Line 12-14:





Probably the single biggest factor of connectivity, besides a channel, is groundwater.  This should be the key factor for connectivity – whether by interflow, through flow, or saturated groundwater flow.  A good hydrologic systems analysis yielding a conceptual site model will reveal the connectivity.  Needs to be stated.





General comment:  would not recommend the usage of the word “we” is this technical writing domain.  





Line 16 and 17  Prairie potholes are not representative of most connected vrs disconnected wetlands in the western third of the United States.  To generalize the factors from this case history will be subject to regionalisms that will not accurately fit other wetlands in other climatic, topographic, geologic/hydrogeologic, and geomorphologic settings.





Line 22 at all spatial scales, climate…….  Should be all instead of largest.   Also, amount, type and distribution of precipitation also includes snow or snowpack, annual precipitation is one measure, but events are also important for connectivity.  In addition, the term “surplus” is not a hydrologic term.  Suggest the water budget approach for terminology:  Inputs = outputs +/- change in storage.  Assume “surplus” may be an output, but specific names may be overland flow, through flow, channel flow.  It is important to note each process as pathway becomes important for connectivity and transport.





Comment #36:  P 3-34 Figure 3-15: Caption:  Runoff can be conceived as the difference between precipitation and evapotranspiration at the watershed scale.  Disagree – for a holistic approach, this does not address many significant factors, most notably the groundwater system.  Simplicity is not what this document is calling for when determining connectivity.  Annual runoff does not necessarily reflect the “water surplus”, a term used by dam builders and water developers, but does reflect the combination of various subsystems allowing water and materials to leave that part of the hydrologic system for that time period to another subsystem (downriver, lake, ocean, etc).   Note:  Water input equals water “surplus”?  plus or minus change in water (and materials) storage. Surface water “surplus” (surface water out) does not tell explicitly of groundwater out (water lost to the groundwater system from the surface water system), water released from or taken into storage (for example from peat), human water use (wells and diversions), etc.


  


Recommend that the concept of “water surplus” be eliminated from the document.  The term is “surface water flow” with discharge into and out of various locations in a watershed being measured.  The concept of “water surplus” is for water developers, not hydrologists or wetland specialists.


  


Comment #37:  P 3-35.  Line 8-10:  This statement is inaccurate.  Most of the southwest US have geomorphic materials that are highly permeable and underdeveloped with respect to clay materials, and overland flow in the natural sense is not a major factor.  The occurrence of high intensity events, due to the climatic nature of the region, is prevalent, and the underdeveloped nature of stream system has difficulty in responding to these events.  Through flow and interflow are quite prevalent, but difficult to measure.  Debris flows and flash floods are quite common since the development of many arid, semi-arid, and sub-humid stream systems are in “fits and starts” as compared to humid systems, which are formed continuously over similar periods of time. 





Comment #38:  P3-36  Figure 3-16.  B.  Playas can be either recharge or discharge playas.  This suggests one way flow only, which is misleading.





Comment #39:  P 3-38:  Floodplain paragraph.  There is some truth to the concepts in this first paragraph.  However, even the Class 3 floodplain may have higher hydraulic conductivities than underlying bedrock units (frequently shale in these environments) and the water exchange between the stream and the groundwater system is significant, although less rapid than many Class 1 and Class 2 floodplains.  There may be significant differences in lateral flowpaths vrs vertical flowpaths in Class 3 floodplains, due to the alluvial structure, which affects biological and chemical processes and transformations (function).  This is discussed in the 2nd paragraph.





Comment #40:  3-40  Line 4   Water “surplus” concept needs to be changed. East is not a hydrologic region that is unique.  Line 7 Delete the word “East”.  Climate seems to dominate the discussion, but it is only ONE variable in the equation. Line 15  Change “surplus” to surface water discharge out of the system.  Line 22 Crystal River – has actually 2 flow regimes:  snowpack runoff in May and June, and monsoon season in late July and August.  Other years chosen will show this.  Line 34  This is exactly why the geologic/hydrogeologic variables (skeleton and skin) must be addressed in this document as a separate section. 


 


3.4.2 Spatial Distribution Patterns





Comment #41:  P3-42





Drainage density and drainage pattern tell a lot about the geology, watershed hydrology and groundwater system, and ultimately is important for pathway prediction (surface water and groundwater systems).  This should be included in the discussion, which is focused on water delivery distance and time (velocity, residence time) in the drainage basin.  Drainage density tells of the bedrock geology (ability to erode, ability to take in groundwater from the surface water system, geologic features such as faults and fracture zones, which indicate groundwater systems features) given the climate variables and time.  Drainage pattern also tells a lot about geology and various hydrostructures, and a brief discussion would be useful in this section.  The connectivity story, besides residence time and pathway, needs to involve surface water and groundwater.





Comment #42 :  P3-43  Lines 8-16.  Why does this generalization matter?  Each system will be different and should be analyzed as such.  Statistical relationships for generalizations, such as distribution of distances, do not matter in a holistic evaluation of a wetland or watershed.





Comment #43:  P3-43 Lines 17-31 and related figures.





This section isn’t relevant to the holistic systems analysis regarding connectivity between wetlands and river network.  The examples given fail to discuss that groundwater flowpath direction and distance between wetland and stream is the dominant connection of fluids, biology, and chemistry to the river network.  Each system has to be evaluated separately using a hydrologic system analysis, and flow pathways determined.  There are examples of close wetlands that have NO connection to the nearby stream network (eolian blowouts in the northern High and Great Plains, for example), and distant wetlands that have ABSOLUTE connection to the distant stream network (karst regions are notorious for this type of wetland hydrology).  There are “climatic” wetlands (closed basin systems) in some regions (SE Nebraska historically had some of this type) that are near drainages, but had no connection (until sod busting, when the hydrologic regime changed).





3.4.3 Biota





Comment #44:  Entire page.





This section seems incomplete.  Biological connectivity is broader than fish, although that is an obvious example.  On the physics of the system, fluids, and materials carried by the fluids, are the habitat and transport mechanisms of interest.  Connectivity through the fluids (chemical, biological, physical) involves surface water and ground water origins, flow paths, and sinks.  Input/output includes climate (atmospheric introductions, fluid and eolian processes) and zoological/human activities and alterations (see next section).  Plants are more “passive players”, seed dispersal can be eolian- or fluid-based.  Using From the fluid side of the house, biological and chemical connectivity can be directly evaluated from surface water (and sediment) or groundwater processes and pathways. Summary:  if the skeleton (hydrogeology), skin (geomorphological materials), circulatory and lymph systems (surface and groundwater) are understood, connectivity can be evaluated with greater certainty.





3.4.4 Human Activities and Alterations





3.4.5. Interactions Among Factors





In general, this section needs editing with regards to jargon and generalizations.  Comments are in the manuscript.





Comment #45:  P3-51 Line 7,8





Disagree – groundwater conditions can be predicted between wetlands if the proper analysis is completed.  Hence, groundwater is probably one of the primary factors for wetland function.





General comment:  A Hydrologic Systems Analysis should be conducted on this Case History region (Prairie Potholes) to rethink the Conceptual Site Model of the region.  I think the case history is a good one for showing connectivity dominated by groundwater, which is a theme that is not emphasized in many areas of Section 3.






Lotic Systems:  Ephemeral, Intermittent, and Perennial Streams


Charge Question 3(a).  Comments on EPA ‘s review and characterization of the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands).





Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). In concept, Chapter 4’s discussion on Lotic systems is not only useful, but along with Chapters 2 and 3, necessary for the headwater streams to have context and meaning with regards to connectivity.  It is recommended that three case histories be presented that represent long range studies in humid climates:  Hubbard Brook (NH), Coweeta (GA) and Fraser (CO).  Again, the effects and quantification of groundwater flow, particularly as related to surface water connectivity, tend to be omitted from the discussions, and need to be included (referenced) and supported by an expanded Chapter 2 and Chapter 3.  Discussions on sediment need to be coordinated with the geology and sedimentology literature, which has been established long before most of the literature cited in this chapter of the Report.  There are 3 types of sediment described and characterized in the geologic and hydrologic engineering literature:  dissolved, suspended, and bedload (based on type of movement and size).  Combining the sedimentology literature with the current literature, including contaminant transport, is recommended.





The following are specific comments referring to Chapter 4 Lotic Systems, and contain/reiterate the main problems with clarity and technical accuracy.  In addition, Chapter 4 of the Report should be edited to remove the informal “we” and “our” as this is a technical document, and there are many edits, such as the ubiquitous usage of ambiguous pronouns that need to be removed.  Finally, Chapter 4 should be edited for one style as the current draft reads like a conglomeration of vastly different styles.  





4.1 ABSTRACT





Minor edits.





4.2 INTRODUCTION





Comment #46:  P4-2:  Since there is no limit on pages in this document, a true case history of the eastern US where humid conditions exist, and very dynamic stream connectivity is documented should be added.  Why not Hubbard Brook (NH) or the Coweeta (GA) watershed?  Or in the western US, why not the Fraser Experimental Forest (CO)?  There are vast studies of these watersheds back to the 70s which must document connectivity of both wetlands and tributaries to downstream rivers.





Recommend adding these three case histories:  Hubbard Brook, Coweeta, and Fraser; to the document as examples of connectivity.  





4.3 PHYSICAL CONNECTIONS





4.3.1 Water


Comment #47:  P 4-3 Line 14-15.  Temperature (heat energy) is not a material but a property.





Comment #48:  P 4-3 Line 21-23.  Statements like this discourage the holistic search for truth in connectivity.  Rivers receive water from multiple sources, and that should be the message of this entire document!  Streams are but one source of river water, and in many cases, the tributaries rule, but why make a statement like this.  Note the case history example is the northeast US where tributaries are the main variable in most cases.





General comment:  As Section 4.3.1 progresses, quantification of surface water processes is introduced. A parallel discussion in groundwater flow and transport quantification needs to be included in the document.





Comment #49:  P 4-6 Hydrodynamic dispersion.





Whereas the move to discuss quantification is positive in this document, dispersion is not a real watershed or even transport property, but a mathematical representation that tries to predict the behavior of fluids, chemistry, and even biology in the system.  Dispersion is empirical and should be introduced as such.  Kdiss in groundwater applications is entirely empirical, and not a true groundwater property.  The real concept introduced in this section is that not all water molecules move down the stream system at the same time and in the same space.  This is actually an advanced property of connectivity beyond the fact that streams and rivers are connected.





P 4-8 Line 15 The term transmission would be better replaced by infiltration from stream to stream beds to groundwater system.  The terms “gaining and losing streams” are the surface water processes (Qin and Qout).  Groundwater recharge, discharge, and change in storage are the groundwater processes.  The term losses and gains need to be specifically directed to surface water or groundwater systems.





General comment on Section 4:  This section could be organized around a water balance with discussion on the gains, storage changes, and losses related to connectivity of rivers and streams in various parts of the water balance equation.  Or, a mass transport balance equation could be used for the chemical and biological aspects. This would orient Section 4 into a Systems way of thinking.





4.3.2. Sediment





Comment #50:  P4-9   Line18 -19  Sedimentologists list three modes of transport:  dissolved, suspended, and bedload; as cited in the literature and textbooks for the past 60 plus years. Important to include “dissolved” since this is a primary connectivity factor.  There is quite a bit of transport modeling literature around this topic.  The main variable for determining sediment in the form of stream competency and stream capacity is Qsw and sediment source availability (geology and geomorphology).  Sediment (dissolved, suspended, and bedload) in some form is always moving down the river and connectivity can be measured in the changing of these various loads. Dissolved sediment is omnipresent. 


Comment #51 P 4-1 Line 1, 2   Symmetry ratio is another empirical relationship that does not address the real causes of connectivity.  Recommend leaving this concept out of the discussion.





4.3.3 Wood





Good section.





4.3.4 Temperature (Heat Energy)





Good section, although this is energy, not mass.





4.4 CHEMICAL CONNECTIONS





4.4.1. Nutrients





Comment #52: P 4-19 Line 6 “under-predicted” No such term if the conceptual model is correct.  This means that other processes need to be documented or investigated. 


Line 14 -r 28:  Nutrient Spiraling, Spiral or Helix; spiral length: 





Definition of spiral:  winding in a continuous and gradually widening (or tightening) curve, either around a central point on a flat plane or about an axis so as to form a cone.


This is not what the nutrients are doing spatially and the concept is misleading.  The nutrients may be increasing or decreasing downstream based on a variety of other variables, but not in a spiral or helix fashion in the spatial or temporal sense. The debate as to what constitutes a “cycle” in space and time is more confusing in the holistic sense.  Most of the geomorphic cycles that are written about do not exist, because rarely does a “cycle” come to completion – the process is too multivariate, multi-temporal, and multi-spatial.  Thornbury’s geomorphological cycles have long been dismissed as too simplistic.  Nutrient spiraling has the same problems. The real issue is how does this concept DIRECTLY relate to connectivity.





4.4.2. Dissolved and Particulate Organic Matter





Comment #53:  P 4-23 Line 29 and 30.  “Carbon turnover length”:  This is the bottom line in that carbon turnover length is not the direct measure of connectivity, similar to hydrodynamic dispersion is not a true measure of the process of chemical movement in groundwater or surface water.  These are empirical representations only, not actual measurements.  Transport and mass balances are the direct measure of connectivity, besides “tagging” individual molecules.





Comment #54:  P 4-24 Lines 1-15 Purpose of this section?  Why are we calculating anything from the literature in this document?  Much editing particularly the words “we” and “they”. Remove the calculations as this is just a literature search.





4.4.3. Ions





4.4.4. Contaminants





Given the tracer nature of these chemical species, this section is directly related to connectivity.





4.5 BIOLOGICAL CONNECTIONS





4.5.1 Invertebrates





4.5.2 Fishes





4.5.3 Genes





4.6  STREAMS SYNTHESIS AND IMPLICATIONS





Comment #55:  P4-37 Table 4.1





Great Table!  Add bedrock groundwater systems to alluvium on sink function.  Spiraling is a description or concept, not a process.  Spiraling is not applicable as a function similar to “dispersion”.  P 4-38 Lag is not a function.  “Storage”, which includes lag in a time sense, is the function.  In hydrology literature, pertaining to water and mass balance studies, the term “change in storage” for the storage and release of water, sediments, etc. is used. Lag is a temporal term.





4.7 CASE STUDY: PRAIRIE STREAMS





4.7.1 Abstract





P 4-38 Lines 8-10. These systems have great connectivity via groundwater, which needs to be mentioned in the abstract.





4.7.2 Introduction





4.7.2.1 Geography and Climate





4.7.2.2 Hydrology and Geomorphology





4.7.2.3. Physicochemistry





4.7.2.4. Ecology





4.7.2.5 Human Alterations  P4-44 Line 31-32 See edits.  P 4-45 Line 6  “dry out completely” to “become intermittent”





4.7.3 P 4-45 Line 21 “Evidence” should be “Evidence of Connectivity”





4.7.3.1. Physical Connections





4.7.3.1.1. Water  





General edits in section. P 4-46 Line 4 Storms do not fall, but have precipitation.





4.7.3.1.2. Temperatures (Heat Energy)





General edits P 4-48





4.7.3.1.3 Sediment





4.7.3.2. Chemical Connections





4.7.3.2.1. Nutrients and other Chemicals





Comment #56: P 4-49 – 4-50.  Much of this nutrient discussion should be focused on farmland and reduction of the natural environment for nutrient source, transport, and storage. Line 3 P 4-50 finally gets to this point. Line 14 Nonpoint should be “nonpoint source”.  





4.7.3.2.2. Dissolved and Particulate Organic Matter





4.7.3.3. Biological Connections





4.7.3.3.1 Invertebrates





General edits in manuscript.





4.7.3.3.2. Fish (not Fishes)





Fish is singular and plural.  Edit all “fishes” in this section P 4-54.





4.7.4. Prairie Streams:  synthesis and Implications





4.8 CASE STUDY: SOUTHWESTERN INTERMITTENT AND EPHEMERAL STREAMS





Comment #57:  P 4-59 – 4-60 This case history and particularly this section advocate the need for a groundwater section in Section 3.0.  This Section would be critical to supporting the Synthesis and Implications Section on P 4-69 and P 4-70





4.8.1 Abstract





4.8.2 Introduction





4.8.3 Southwestern Rivers





4.8.4 San Pedro River





4.8.4.1 Basin Characteristics





4.8.4.2. Ephemeral Stream Connections to and Influence on the San Pedro River





4.8.5. Other Southwestern Rivers





4.8.5.1. Physical Connections





4.8.5.2. Fish and aquatic Insects





4.8.6. Southwester Intermittent and Ephemeral Streams:  Synthesis and Implications 












Lotic Systems:  Ephemeral, Intermittent, and Perennial Streams





Charge Question 3(b).  Comments on whether EPA ‘s findings and conclusions concerning  the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands) are supported by the available science.





Conclusion (1) in section 1.4.1. of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a).  The following are specific comments referring to Conclusion (1) in section 1.4.1. of the Report, and contain/reiterate the main problems with clarity and technical accuracy stated in Charge Question 3(a). In addition, Conclusion (1) in section 1.4.1. of the Report should be edited to remove the informal “we” and “our” as this is a technical document, and the ubiquitous usage of ambiguous pronouns need to be removed.  Finally, Conclusion (1) in section 1.4.1. of the Report should be edited for one style as the current draft reads like a conglomeration of vastly different styles.  





1.4.1 Conclusion (1) :  Streams





Comment #8:





P 1-6 Line 29, 30:  Downstream connectivity through groundwater functions not considered.  This is very important in arid, semi-arid, sub-humid hydrologic systems and needs to be stated.


Line 32 Groundwater discharge to streams in the middle and lower part of watersheds also important for transport of physical, biological, chemical constituents and needs to be stated.


Why the huge emphasis on nutrient spiraling? Needs to be direct connectivity, not inferred.  





Comment #9:





P 1-7 Line 15-24:   Regional bedrock systems sustain the majority of the southwest aquifers along with geomorphic deposits like alluvium.  Many of the groundwater systems would be dried up if totally reliant on alluvial systems. Regional aquifers are important though out the US and the world.  In the eastern US, the karst systems are critical to many areas.  In the western US, the Pre-Cambrian bedrock systems sustain the Rocky Mountain streams equally to the snowpack scenarios that are advertized.  This concept needs to be stated in the conclusions.


Why the emphasis on woody material? The major material moved is sediment of various sizes and chemistry.


  


 Comment #10:





P 1-8 Line 5: Beneficial transformation – why not just transformation?  “Beneficial” is a judgment or economic call, and should be omitted.  The emphasis seems to be nutrient cycling – other examples?








Comment #11:


P 1-8 Lines 19-28: There is an overwhelming emphasis on nutrient cycling.  This is a specific application for a general document.  Why emphasize this in the introduction, summary, and conclusions?  This is also not a direct connection, but an inferred process. 






Lentic Systems:  Wetlands and open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





Charge Question 4(a).  Comments on EPA ‘s review and characterization of the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. 





Chapter 5 Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes.  In concept, Chapter 5 Section 5.3’s discussion on bidirectional Lentic systems is not only useful, but along with Chapters 2 and 3, necessary for these wetlands and open waters to have context and meaning with regards to connectivity.


  


Section 5.3 containes a lot of useful information, and Table 5.1 is excellent!. The following are specific comments referring to Chapter 5 Section 5.3 Bidirectional Lentic Systems, and contain/reiterate the main problems with clarity and technical accuracy.  In addition, Section 5.3 of the Report should be edited to remove the informal “we” and “our” as this is a technical document, and there are many edits, such as the ubiquitous usage of ambiguous pronouns that need to be removed.  Finally, Chapter 5 Section 5.3 should be edited for one style as the current draft reads like a conglomeration of vastly different styles.  





5.1 Abstract





Comment #58:  P 5-1 Line 4 Recommend a straight forward definition of wetland, or a series of definitions to be agreed on by everyone. References?





Comment #59: P 5-2 Line 17-18.  Recommend adding “ or by groundwater connections”. 





5.2 INTRODUCTION





Comment #60: General edit document wide as illustrated on P 5-2 Lines 27 and 31 the word “we” provide, address, etc. isn’t appropriate for this document.  Two questions are addressed, or definitions are discussed…etc. Line 34, 35 we limit…  we provide…  How benevolent.  Most of this entire introduction should be edited.  It reads more like a casual conversation. P 5-3  Line 9, 10, 12  We  note, we can only discuss, we consider… we, we, we….Needs to be edited out of the paragraph


.


“Endpoints of interest” should be “goals” or “purpose”.





5.3 RIPARIAN AND FLOODPLAIN WETLANDS





Comment #61: General edit document wide as illustrated on P 5=3 Lines 29 thru 34, P 5-5 Lines 3 thru 12, the word “we” and “our” followed by include, incorporate, judged, discussion, response, etc. isn’t appropriate for this document.  Eliminate the word “ample” on Line 24. P 5-6 Line 2 for example eliminate the word “indeed”. Most of this entire introduction for Section 5.3 should be edited.  This Section reads more like a casual conversation. Comment #62.  Table 5.1 is EXCELLENT and is what this whole document should be about.  References to authors and refereed papers should be part of this table.  Table 5.1 should be edited to have a direct statement for each bullet on connectivity and effect on downstream waters. 





5.3.1 The Physical Influence of Riparian Areas on Streams 





5.3.1.1. Hydrology





P 5-6 and 5-7 General edits noted in the document. For example, P 5-7 Line 11 “directly taking up” would be “direct uptake”.





5.3.1.2. Geomorphology (Sediment-Vegetation Interaction)





P 5-7 Line 18 “Infiltrate” should be “infiltration of water and deposition of sediments into”. Line 21 and 26 “it” is ambiguous. P 5-8 Line 2 “against” should be “from” and Line 6 “which” should be “that” with no comma. Line 8 “take longer” is actually “require greater energy reduction”.  All “it” s should be removed due to ambiguity. Line 14 “are devoid of” should be “lack”.  The word “reported” should be “showed”.  Ambiguous usage of the word “they” should be replaced by specific noun.





5.3.1.3. Temperature and Sunlight”





P 5-8 Line 36 “highly” is an elevation term.  Use the word “greatly”.





P 5-9  Line 5  The expression “play a role in” is for Macbeth.  The expression should be “riparian areas modify stream temperatures”.  Line 11  The ambiguous word “it” needs editing. Line 15 the word “their” needs editing.  “Higher” should be “greater”.





P 5-9 Line 25  How does shading of the stream relate to our ultimate goal of connectivity of wetlands?  This paragraph is interesting, but does not relate to the goal of the document.


Comment #63:  Granted, shading is important to various biological functions of a stream including temperature, productivity, etc.  However, this is not related to the connectivity function which is the focus of the document.  Why is this discussed?  Are we establishing Riparian areas that are separate from the stream, but near enough to be able to shade the stream, as our discussion point? If so, we need to make this clear.  Most of the Riparian areas discussed in these papers seem to be directly connected physically with stream function. 


 


5.3.2 The Chemical-Nutrient Influence of Riparian Areas on Streams. 


 


5.3.2.1. Hyporheic/Soil Processing of Nutrients





Comment #64. P 5-10 Line 26-28.  Statement not true.  Riparian areas can affect both shallow and bedrock aquifer systems, and riparian areas are frequently the result of the bedrock (“deep”) systems. “tools” should be replaced by processes on line 24.





5.3.2.2. Nitrogen


Numerous edits:  5-11.  Line 9 “flow” should be travel or be transported.  Removal should be Removal of nitrogen….  Additional edits on lines 10 – 12.  Eliminate “indeed” in line 12. “intact”? Meaning functional or continuous?  “finds its way” should be “travels”. Line 24 remove “some”. Line 31 “three-quarters” should be “75%”. 





5.3.2.3. Phosphorus





 Numerous edits:  5-12.  Line 5 “coincidence” should be “interaction” or “combination”.  Lines 10 and 11  “dictates” should be “causes”, and “drive” should be “result in”.  Line 18 “generally act as” should be “are”.  Line 20 “act as” should be “can be”.  “Portions” should be “parts”. Line 24 “act as” should be  “be”.  Line 27 “if they are later” should be “when”. Line 28 Remove “them”, “desorb” should be “desorption”.





5.3.2.4. Carbon and Allochthonous Inputs





Numerous edits including:  P 5-13 Line 2, 3  “low-lying flatlands” may be  “low-elevation valley bottoms or plains”  Lines 4, 5 “This is why” should be “As a result,”.  Line 16 “For instance” should be “For example”.  Instance is a time term.  Line 20 Edit out “its”.  Line 25, edit out “concomitantly”.





5.3.2.5. Pesticides





P 5-13 Line 34  Is “subsurface flow” referring to surface water or groundwater?  Assume surface water. “Subsurface flow” is usually a term of groundwater description. 


P 5-14 Line 9 “can become better at degrading” should be “function to degrade”.





5.3.2.6. Mercury





Numerous edits:  Line 18 “it” replaced by “, and can” connecting the previous sentence. Line 25 “driver” replaced by “mechanism”. Line 31 Edit out “they”.  Line 33, 34 “ends up” replaced by “terminates”.





5.3.3. Biological Connections Between Riparian Areas and Streams


General edits:  Line 6 Eliminate “it”.  Line 14 “Here, we review” eliminated.  Add “are reviewed” in line 16.





5.3.3.1 Vascular Plants and Phytoplankton





General edits: P 5-15 Line 30 -32 Restructure sentence starting with “in another example,……” to “ In another example in two United Kingdom rivers, 41%......”.  P 5-16 Line 21,22 Rewrite as follows:  “actively consumed and dispersed by animals.  For example, seeds…”  Line 24 Second half of sentence confusing starting with “, which elsewhere have been observed…”  what exactly has been observed?  Line 32 Remove “itself”.








General comment #65:  The use of pronouns like “it” and “these” should be eliminated throughout the document, and specific reference to a subject is proper.  Finally, “portion” is a meal, “part” is more formal and correct (see P 5-17 Line 5).





5.3.3.2. Vertebrates





General edits:  P 5-17 Line 19  “River network” should be “river”. “Strong and abundant” should be removed.  Does the evidence lift weights in great numbers? Line 27 “section” could be “reach”. Line 33 “intrinsic” replaced by “characteristic”. 





P 5-18 Lines 10 – 14.  Interesting information.  Relevant to connectivity?





P 5-18  Line 18, 19.  Eliminate “”although it would seem that” and “their”, and restructure the sentence. Line 23 “their” referring to beavers or investigators?  This is the problem with using pronouns.  See comment #65.  “They” hints at investigators.  P 5-19 Line 1 and line 8: western US National Parks? Line 5: “This” is vague. Why not state the US National Parks specifically to compare climates, geology, etc….??  Please read this sentence aloud and try not to chortle and shake your head:  “the removal of apex predators due to extirpation increased ungulate herbivory which altered riparian plant communities….” I think it means the killing of grizzly bears and wolves resulted in other animals eating more wetland and stream bank plants reducing plant cover resulting in stream bank erosion.  Why can’t we say that this way?  I last sung the word “extirpation” in Mendelssohn’s Elijah, which is probably where the word belongs.


  


5.3.3.3. Invertebrates





General edits:  P 5-19 Line 25 “Remove “they become”. Line 35, 36 “came from” replaced by “originated”





Good section!












Lentic Systems:  Wetlands and open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





Charge Question 4(b).  Comments on whether EPA ‘s findings and conclusions concerning  the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes are supported by the available science.





Conclusion (2) in section 1.4.2. of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a).  Conclusion (2) in section 1.4.2. is well written and contains useful information supported by the available science.  The following are specific comments referring to Conclusion (2) in section 1.4.2. of the Report, and contain/reiterate a few of the main problems with clarity and technical accuracy stated in Charge Question 4(a).  In addition, Conclusion (2) in section 1.4.2. of the Report should be edited to remove the informal “we” and “our” as this is a technical document, and the ubiquitous usage of ambiguous pronouns need to be removed.  Finally, Conclusion (2) in section 1.4.2.  of the Report should be edited for one style as the current draft reads like a conglomeration of vastly different styles.  





1.4.2  	Conclusion (2): Riparian/Floodplain Waters





Minor comments.  See 5.5 WETLAND, SYNTHESIS AND IMPLICATIONS.





5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS





5.5.1. Riparian and Floodplain Wetlands





General edits:  P 5-37 Line 6 Replace “our” with “literature review”.  Replace “highly”, which is an elevation term, with “greatly”.  Line 9 Add “ ; and the connectivity due to groundwater systems.” Line10 Does connectivity has frequency? Replace “frequency” with “amount”.  Line 12 Replace “—“ with  “,” in both places. 





P 5-38 Table 5-3:





General edits and comments:  “highly” replaced with “greatly”. Omit “so much so that”.  Add “Riparian areas also re-accumulate sediments at the end of a flooding event influencing stream geomorphology”.  What does “shade” have to do with connectivity, and why it is listed in this table as an effect of connectivity.  Remove  the “shade” statement from Table 5-3. Replace “through” with “from”. Omit “influences its ability”.  Near stream vrs near field not a connectivity statement – omit.









Lentic Systems:  Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





Charge Question 5(a).  Comments on EPA ‘s review and characterization of the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrological flows with rivers and lakes. 





Chapter 5 Section 5.4 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrological flows with rivers and lakes.  In concept, Chapter 5 Section 5.4’s discussion on unidirectional Lentic systems, which are primarily groundwater driven, is not only useful, but along with Chapters 2 and 3, necessary for these wetlands and open waters to have context and meaning with regards to connectivity.  





Section 5.4 and the companion Case Histories Sections 5.6 – Section 5-9  contain a lot of useful information. However, there are some inaccuracies such as the locations of seeps, and the relations of unidirectional wetlands to groundwater systems are frequently omitted or inadequately discussed, and need to be included for connectivity. The following are specific comments referring to Chapter 5 Section 5.4 Unidirectional Lentic Systems and Sections 5-6 thru 5.9, and contain/reiterate the main problems with clarity and technical accuracy.  In addition, Section 5.4 and Sections 5-6 thru 5-9 of the Report should be edited to remove the informal “we” and “our” as this is a technical document, and there are many edits, such as the ubiquitous usage of ambiguous pronouns that need to be removed.  Finally, Chapter 5 Section 5.4 should be edited for one style as the current draft reads like a conglomeration of vastly different styles. 


 


5.4 UNIDIRECTIONAL WETLANDS





5.4.1. Introduction





P 5-21 Line 16 “(also known as seeps) are located in breaks of slopes” is incorrect/inaccurate.  Seeps are a small subset of slope wetlands.  These are not necessarily located at the “breaks of slopes”, and in fact are frequently located along stream beds where groundwater functions from bedrock systems override most stream functions.  Line 22 “this type” is vague. Lines 24,25: “water inputs to bogs are generally dominated by precipitation,” not necessarily true.  Many bogs are dominated by groundwater flow input along the sides and underneath/beneath the bog, hence why the bog is there. Lines 29-32  “we examine” should be replaced by “downstream waters are examined”. “We then briefly consider” should be replaced by “wetlands are considered”. 





5.4.2. The Physical Influence of Unidirectional Wetlands on Streams





P 5-22 Lines 3,4:  “we give” should say “we gave at the office…..” OK, should be “streamflow are given in the following sections.”





5.4.2.1. Surface Water Connections


P 5-22 Line 18  “Even” should be omitted. Line 19 “them” should be omitted. Line 27 “intermontane West” should be “intermontane region of the western United States”. Line 32 “latter” studies – omit “latter”.





5.4.2.2. Groundwater Connections





General edits: P 5-23 Line 12 Omit “clearly”.  Line 20,21 Omit “of these”.  P 5-34 Line 30 Omit “it” and “if lacking”. Line 32 Omit “it”.  Pesky pronouns are so vague.





5.4.2.3. Effects of Unidirectional Wetlands on Streamflow





P 5-25 Line 7  add “groundwater recharge, discharge, and change in groundwater storage”. “aboveground” replace using “land surface”.  





Lines 7-10.  This sentence starting with “Wetlands effectively store water because…” not exactly true for reasons given and the sentence should be eliminated. In the Rocky Mountains, upland areas have large talus slopes which can store vast amounts of water – more than the wetlands themselves.  So the soil particles and rock do not reduce water storage volume, and their potential Specific Yield could be great.  However, given other variables such as topography and hydraulic conductivity, water just passes through as through flow/interflow and is not stored.  This is not a Specific Yield cause.  It is the other landscape variables that allow the wetlands to store and release water including specific yield.





P 5-26 Line 14-16. Omit the sentence:  “This might mean that wetlands……..saturated conditions” There are lots of other explanations for these observations.  Lines 25, 26:  Omit “actually”, rewrite entire sentence and omit “this was the case” and “studies they surveyed”.  Line 34 Omit “mechanism”, replace with “process”. Lines 25 – 36 and P 5-27 Lines 1 – 6:  This entire section is awkward and needs rewriting.  P 5-27 Line 4 Replace “finding” with “observation”. Line 5 “they” is vague.





5.4.3. Effects of Unidirectional Wetlands on Water Quality





General edits:  P 5-27 Line 9 “can affect downstream water quality….”  Connectivity is the theme.  Line 13 Omit “their” as being vague. Line 22 Omit “Below we show that”   Line 23 Omit “we describe how”  Line 29 Omit “it” – vague. Line 30 Omit “we discuss how”, add is discussed at the end of the sentence.





5.4.3.1. Unidirectional wetlands as Sources for Downstream Waters





General edits:  P 5-28 Line 2 Omit “Like all wetlands”. Line 29 “it” is vague. P 5-29 Line 5 “their” is vague. Line 20, 21 Restructure sentence “Further linking….”.





5.4.3.2. Unidirectional wetlands as Sinks and Transformers for Downstream Waters





General edits:  P 5-29 Lines 30,31.  Replace “act on the large pool” with “affect”. P 5-30 Line 9 “comprised unidirectional marsh” should be “was comprised of marshes that were unidirectional wetlands”.  Line 10: Here is another line for chortles:  “microbially mediated denitrification enzyme activity”.  Any better way to say this? Line 11: add because “these flats”.  Line 15 write out “greater than”.  Line 31 Omit “extensively”.





5.4.4. Biological Connections Between Unidirectional Wetlands and Streams





General edits:  P 5-31 Lines 5-7 “Unidirectional wetlands, however…….”  Statement is not true particularly for mountain unidirectional wetlands, which are located directly next to the streams.  The second part of the sentence is also not true – connectivity is immediate and complete. Recommend modifying sentence to first half, Omit “hydrologic connectivity much less frequent, if present at all”.  Lines 7, 8: “Distance..  of landscape barriers” does not make sense.   “Distance overcome between water bodies, due to landscape barriers” might make more sense.  Line 17 Omit “we review”, add “are reviewed” to end of sentence.  Line 20 Omit “Despite being nonmobile”. P5-32 Line 26 Omit “Recent evidence suggests”.





5.4.5. Geographic Isolation of Unidirectional Wetlands





General edits:  P 5-33 Lines 24, 25:  Omit “we noted”.  Line 32 Omit “which”.  P 5-36 Line 1-13:  I wonder if the investigators looked at groundwater linkages among the wetlands, particularly on coastal plain sediments, where the depressions are generally connected by groundwater systems. Line 20, 21:  Add “(4) wetlands of this category may be connected by groundwater systems”. Line 22: Add “geographically “and hydrologically” isolated.”OK, I found “groundwater connectivity” in the next sentence!  Line 27:  Omit “it is noted that it is precisely……that” Start sentence with “This isolation is responsible…” Line 29:  Is a function “supplied” Omit “that are supplied by”, add “of” Line 31 Vague “them” (omit).





5.6 CASE STUDY: OXBOW LAKES





5.6.1 Abstract





P 5-42 Line 8 rewritten as “originate as cutoff meanders of streams or rivers”. Omit “they” as ambiguous. This abstract misses the main point, so add:  “and, (3) Oxbow meanders are in direct connectivity with the stream through input and output of groundwater, which sustains the levels of water in the oxbow lake. “





5.6.2 Introduction





5.6.2.1 Origin and Description





P 5-42 Lines 17 – 21. Recommend a good published definition of “oxbow lakes” from the geomorphological literature. Replace this paragraph with published definition and published process definition.





5.6.3. Evidence (of what??) 





5.6.3.1 Physical Connections 





General edits: P 5-43 Line 17 Omit “we focus on”. P 5-44 Line 1 Omit “demonstrates this” as vague. Next sentence “when river was introduced to the lakes” is awkward.  Lines 2-5.  This is not necessarily a valid conclusion.  If there are underground channels connecting oxbow lakes farther away from the stream, their groundwater functions will be more rapid and greater than “nearness to stream”.  Line 25. Omit “on one hand”; Line 26 “their” is ambiguous Omit “on the other hand”.  Jargon.





5.6.3.2. Chemical Connections





General edits:  P 5-45 Line 15 Omit “play a more important role” Line 30 Omit “importantly”. Line 31 “them” is ambiguous. Line 35 Replace “high” with “large”.





5.6.3.3. Biological Connections





General edits:  This section is actually quite interesting and needs to be clear to nonbiologists.


P  5-46 Line 14, 15. Sentence is awkward as written. Concept is interesting.  Line 18 Omit “likewise”. Line 20 “Recently inundated floodplain water bodies” is exactly what? Puddles? The nearby river?   Rewrite as: “Water bodies that are the result of floodplains that were recently inundated”. Lines 26, 27: “within-oxbow productivity” rewrite as “oxbow lake productivity” is there a without? P 5-47 Line 25 Omit “relatively”. Line 30  Omit “clearly”.  P 5-48 Line 8, 9: Delete “giving” “added significance”.  Use “illustrating”. Delete “owing to ” (not a bank…), replace with “due to” or “because of”.  Line 12  Delete “likewise”.





5.6.4. Oxbow Lakes: Synthesis and Implication.





Comment # 67:  One of the most major connections between the oxbow lake and the river is the groundwater system.  Add:





· Evidence indicates the presence of physical, chemical, and biological connections between oxbow lakes and the river channel site by the groundwater system.


5.7 CASE STUDY:  CAROLINA AND DELMARVA BAYS





General comment: This case study is very well written and informative!





5.7.1. Abstract





5.7.2 Introduction





5.7.2.1 Definition and Geographic Extent





General edits:  P 5-49 Line 29 “They” is vague.





5.7.2.2. Geology





So, what is the geology of these areas?  This was a soil description.  Is it karst? Is it eolian sand dunes?  This is critical to understanding the connectivity of the study area!





5.7.2.3. Hydrology





5.7.2.4. Water Chemistry





5.7.2.5. Biological Communities





5.7.3 Evidence of Connectivity





5.7.3.1. Physical Connections





General edits:  P 5-53 Line 32 Replace “active “ with “ongoing” Recommend eliminating Lines 32 -34.  Paragraph not needed. P 5-54 Line 1: Replace “found” with “revealed”. Line 11:  Replace “ran from” (transects do not have running shoes….) with “were located”. Replace “local groundwater strongly influenced” with “ bays region was indicated by the bay water levels”.  Line 16 omit “more than”. “Line 18: Change ”surface-groundwater connections” to “surface water-groundwater connections”. Line 24: Change “inferred” to “specified” since this is a model. P 5-55 Line 9:  Omit “perhaps”.





5.7.3.2. Chemical Connections





P 5-55 Line 16:  Omit “one”.





5.7.3.3. Biological Connections





General edits:  P 5-55. Line 33 “hotspots” a legitimate term? P 5-56 Line 1, 2: Eliminate sentence. Line 28:  Replace “extremely high” with “substantial”.





5.7.4. Carolina and Delmarva Bays: Synthesis and Implications





P 5-57 Line 1: Conclusion number 1:  “groundwater inputs and outputs that foster connectivity to surrounding surface water and groundwater systems”.  Lines 14 – 20:  Eliminate paragraph “Although generally……at this time”. 





5.8 CASE STUDY: PRAIRIE POTHOLES





5.8.1. Abstract





General edits:  P 5-57 Line 26 “they” is ambiguous. Line 27: Omit “in terms of”. Line 28: Omit “themselves”. Line 31 Omit “entire”. Line 33: Omit “their”. P 5-58 Line 3. Omit “they”.


5.8.2 Introduction





General edits:  P 5-58 Line 9: Write out PPR since it is the first time used in the document. Replace “by” with “during”. Line 11:  Omit “widely”. 





5.8.2.1. Hydrologic Dynamics





General Comment #68:  Each of these case histories could use a cross-sectional diagram illustrating the hydrology and connectivity of the features and region.  It is difficult for most readers to visualize these descriptions of structure and function.





General edits:  P 5-59 Lines 15 – 16: Replace “>” with “greater than” and “<” with “less than”. Line 6: Replace “today” with “currently”.





5.8.2.2 Chemical Functions





P 5-60 Line 16 Replace “takes place” with “occurs”.





5.8.2.3. Ecological Characteristics





P 5-60 Line 20 Replace “high” with “large”. Line 28 Replace “disrupting” with “altering”. Line 30:  “their role” with “function”. Omit “Perhaps”.





5.8.3. Evidence





5.8.3.1. Physical Connections





General edits:  P 5-61 Line 11: Replace “via” with “by”. Line 14: Rewrite sentence and remove “puts”, use “estimates”. Line 18 Replace “hold” with “stores”. Line 34 Replace “weaker with “small”. P 5-62 Line 6: Omit “discussed previously”. Line 9:  Omit “yet”. Line 19, 20 Replace “high” with “large”, “via” with “by”. Line 23, 24 Omit “all else being equal”. Lines 33, 35 Replace “via” with “by”. In general, replace all “via”s with “by”s like P 5-63 Lines 5, 8.





5.8.3.2. Chemical Connections





P 5-63 Line 27 Omit “their”. Line 30 Omit “they”. Line 33 Omit “itself”. P 5-64 Omit “they” as ambiguous. Line 4: Omit “On the other hand” as jargon. Change “periodically hydrologically connected” to “connected periodically by hydrology”. Line 11 Change “found” to “observed”. Line 19: Replace “The most fruitful” with “A”.





5.8.3.3 Biological Connections





General edits:  P 5-64 Line 25 Omit “they must”. Line 35:  Change “found” to “observed”. P 5-65 Line 2. Replace “;” with “.” Start new sentence with “Because….” Line 13: Change “manmade” to “anthropogenic”. Line 22: “<” written out as “Less than”, “they” is ambiguous. P 5-66 Line 2: Omit “severely”.  It is either limited, or it is not!





5.8.4. Prairie Potholes: Synthesis and Implications 





P 5-66 Line 24:  Add the following conclusion:





· Potholes exhibit connectivity by groundwater systems.  


Isn’t this the purpose of this document???





Line 31: Omit “highly”.  





5.9 CASE STUDY: VERNAL POOLS





General comment:  This is a very interesting case history!





5.9.1. Abstract





P 5-66 Line36: Change “dry down” to “become dry”. Line 37:  Change “findings” to “observations”. P 5-67 Line 4, 5: Move “opportunistically” from line 4 to line 5 after “vernal pools”. Line 6: Is “stepping-stone” a formal term? 





5.9.2. Introduction





5.9.2.1. Geography and Geology





5.9.2.1.1. Western vernal pools





P 5-67 Line 27: Replace “go by” with “have”.





5.9.2.1.2. Northern vernal pools





P 5-68 Line 12:  Omit “profoundly”. 





5.9.2.2.. Temporal Dynamics





P 5-69 Line18: Replace “dry down” with “become dry”.





5.9.2.3. Ecology





P 5-69 Line 26:  Replace “plays an important role” with “functions as”. Line 29: Replace “Despite” with “Given”. Line 30: Ambiguous “they”.





5.9.3. Evidence





5.9.3.1. Physical Connections





P 5-70 Line 6: Replace “precipitation fed” with “Vernal pools receive water primarily by precipitation, and …..”. Line 7: Omit “they” as ambiguous.





5.9.3.1.1. Western vernal pools





P 5-70 Lines 18, 19:  Replace “–“with “,”. Line 24: “connected by swale to a seasonal stream” what does that mean?  Not clear as written. Line 25: Replace “via” with “by”. Line 30:   “Horizontal subsurface flows” Is this “through flow” or “interflow”, if so replaces original statement. Line 32: What does “discharging from the swale to the seasonal stream” mean? This is not clear. P 5-71 Line 12:  What does “stepping-stone spillage” mean?  This is not clear.





5.9.3.1.2. Northern vernal pools





P 5-71 Line 23:  I would wager that consultants have worked with these ponds. P 5-72 Line 2 Omit “he”. Line 5: If “classic”, which model?  So state. Line 10: Omit “Individually”.





5.9.3.2. Biological Connections





P 5-72 Line 19: “it” is ambiguous. Line 26: Omit or change “highly”. Line 28: Omit “tightly”. P 5-73 Line 9: “vectors” proper for “transport agents”?





5.9.4. Vernal pools: Synthesis and Implications





P 5-74 Line 2:  Change “via” to “by”.  Line 6:  Move “opportunistically” to “vernal pools opportunistically”.  Line 11: Ambiguous “they”.









Lentic Systems:  Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





Charge Question 5(b).  Comments on whether EPA ‘s findings and conclusions concerning directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrological flows with rivers and lakes are supported by the available science. 





Conclusion (3) in section 1.4.3. of the Report Executive Summary and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS discusses major findings and conclusions from the literature referenced in Charge Question 5(a).  Conclusion (3) in section 1.4.3. and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS contains useful information supported by the available science.  However, Conclusion (3) in section 1.4.3. and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS need a complete rewrite and reorganization to recognize the systematic approach to determine the structure and function of unidirectional wetlands, or how to conceptualize the wetland hydrology in the supporting case histories discussed in Chapter 5 Sections 5-6 thru 5-9.  This is not new science for hydrogeologists, surface water and groundwater hydrologists, who have the tools and conceptual models to determine qualitatively and quantitatively the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands.  Most of these types of wetlands exist spatially and temporally because of the geology, geomorphology, hydrogeology, and groundwater systems caused by these three aspects of the landscape. Conclusion (3) in section 1.4.3. and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS should be rewritten with the rewritten Chapter 2 and Chapter 3 as context.





The following are specific comments referring to Conclusion (3) in section 1.4.3. and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS of the Report, and sections and contain/reiterate a few of the main problems with clarity and technical accuracy stated in Charge Question 5(a).  In addition, Conclusion (3) in section 1.4.3. and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS of the Report should be edited to remove the informal “we” and “our” as this is a technical document, and the ubiquitous usage of ambiguous pronouns need to be removed.  Finally, Conclusion (3) in section 1.4.3. and Section 5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS of the Report should be edited for one style as the current draft reads like a conglomeration of vastly different styles.


  


1.4.3  Conclusion (3);  Unidirectional Wetlands





Comment #12:  P 1-10 Line 29: Retention of sediments should be mentioned.  Many of these wetlands are groundwater driven, particularly in the arid, semi-arid, subhumid systems of the western US.  Many of these wetlands have a downstream exit to the surface hydrologic system, and are an important water source (flow) with specific water chemistry and water biology at the wetland source, and wetland exit.  Most of the sediment is derived from non-channel sources (mass wasting processes or overland flow, for example).





Comment #13:  P 1-11 Line 30:  Unidirectional wetlands can also serve as a source for pollutants as well.  The groundwater quality of the groundwater discharge determines the chemistry in many cases.  The bedrock system, including both natural and altered hydrogeochemistry is an important variable.





Comment #14:  P 1-12  Lines 12 – 33: Conclusions d, e.  Conclusion d is close to the truth.  Conclusion e needs to state clearly the importance of hydrologic systems analysis and a conceptual model for determining connectivity.  Most of these unidirectional wetlands are connected in some way to the larger system.  There are some exceptions, such as the Nebraska potholes, that these depression wetlands once were the termination of the hydrologic system.  Some of the Nevada playa lakes similarly function in this manner.





5.5 WETLANDS: SYNTHESIS AND IMPLICATIONS





5.5.2. Unidirectional Wetlands





P 5-37 Line 20 “flats” is a formal classification of wetlands?  Line 21 “These” is vague. Line 25 Omit “we examined”.  Lines 27 – 30:  Omit sentences with “The problem, then…..explicitly” since conversational and not needed. Lines 31-35 Omit all sentences as this is not necessarily true or meaningful.  P 5-38 Line 1 Take sentence beginning with “the purpose of this review…..” and attach to P 5-37 Line 27 as second sentence.


  


P 5-39 Table 5-4 Comments and edits:





Omit “truly”; Omit “can also play a role”; “recharge” should be “recharge and discharge”; “over various time frames” should be “spatially and temporally”;  Omit “Insofar as they often act as”; add to “nutrient delivery and water quality “of downstream waters””; “vectors” can have many meanings – assume “show the direction of”; Omit “their” as ambiguous.





General edits continued: P 5-40 Line 7 Omit “our” and “we conclude”; Line 10 Omit “which”; Line 11 Omit “they” as ambiguous. Line 13,14 Omit “our overall conclusions”. Line 19 Do wetlands “spill”?  Replace “spill” with “that have outlets”. Line 21 Omit “it” as ambiguous. Line 24 Omit “they” as ambiguous. Line 30, 31 Omit “we”, replace “-“  with “,”s. Line 35 Omit “does not tell us”.  P 5-40 and 5-41 need to be completely rewritten.  





General Comment #66:  Section 5.5 WETLANDS: SYNTHESIS AND APPLICATION: This section needs a complete rewrite and reorganization. This is an important section, and it is apparent that the section as written does not recognize the systematic approach to determine the structure and function of unidirectional wetlands, or how to conceptualize the wetland hydrology in these cases.  This is not new science for hydrogeologists, surface water and groundwater hydrologists, who have the tools and conceptual models to determine the connectivity of both surface and subsurface hydrological systems to unidirectional wetlands.  Most of these types of wetlands exist spatially and temporally because of the geology, geomorphology, hydrogeology, and hydrologic systems caused by these three aspects of the landscape. This section should be written with these systems as the foundation.
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Preliminary Comments from Judy Meyer





Charge question 1





This is an extensive and thorough review of the peer-reviewed scientific literature that is relevant to the assessment of the connection between small streams and wetlands and downstream waters.  It is well organized and clearly presented.  Although I have provided numerous specific comments below, my overall impression is that the review accurately presents and interprets the scientific literature on this topic.





Comments on Executive Summary (Chapter 1)





1-5, 25: The effects of nutrient spiraling are not necessarily “beneficial” to downstream ecosystems.   Depending on circumstances, nutrient removal in the headwaters could reduce nutrient availability in downstream ecosystems, rendering them less productive.  I would just remove the normative term “beneficial.”   1-8, 5 and 6: same comment on “beneficial.”  The sentence could be written to provide an example of where the transformation would be beneficial (e.g., with large inputs of nutrients, reducing eutrophication in downstream waters), but all transformations are not necessarily beneficial to downstream waters.





Figure ES1 calls unidirectional landscapes geographically isolated wetlands.  It would be more useful if the labels in that figure were consistent with the terminology used in the text of the report.





1-11, 27: “low” precipitation is pretty vague – can you provide a value – e.g. < x cm/yr?  similarly “low” stream density is vague.  What does “low” mean?





1-14, 22 and 24: I question the use of the term “might.”  “is likely to” is a more accurate descriptor.  The concept of the cumulative or aggregate effect is crucial to get across in this document.  





Charge question 2





Chapter 3 adequately and accurately conveys the complexity of water flow in river systems and the connectivity between surface and subsurface waters.  Identifying the five types of functions by which streams and wetlands impact downstream waters is a useful way to categorize and convey these impacts.


The discussion of stream order needs to address the issue of map scale.  Using maps of different scale results in assigning very different stream orders to a reach.  This is addressed in other parts of the review, but it is important that it be included in this initial discussion of stream order.  It is critical that readers of this document understand the problem of the failure of many databases to include small streams and the magnitude of the problem.  In a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed (Meyer and Wallace 2001, already included in the review).  Figures like this shown the magnitude of the problem.


Documenting the impact of an individual ephemeral, intermittent or headwater stream on a large river is a daunting task; yet the cumulative or aggregate effect of these water bodies has been clearly demonstrated in the scientific literature.   The importance of evaluating connectivity by considering the cumulative or aggregate effect of ephemeral, intermittent and headwater streams on larger rivers is mentioned in this chapter (e.g., 3-27, 20-27), but it deserves its own section.  The concept of cumulative/aggregate input is extremely important and should be given treatment in a separate section rather than scattered about as it is.  The significance of the connection between small streams and large rivers hinges on cumulative effect, so it should be addressed clearly and in one place and that discussion carried over to the Executive Summary and to the conclusions (Chapter 6).  Cumulative or aggregate impact is part of the conceptual basis for this document and needs to be more clearly articulated.  It is an important aspect of the context needed to interpret the information presented in later chapters.





Specific Comments on Chapter 3





3-1, 29: why the statement that impermeable stream bottoms are not included?  The LA River is bounded in cement, but still a river.





3-1, 32:  The up and down gradient sections may be connected although not necessarily through a surface connection, so it is unclear why the word “surface” is included in this sentence.





Figure 3-1:  Perhaps link magnitude could be included in this figure as well.





Figure 3-2: Include a description of what the grey area is showing (i.e. floodplain).





3-10, 3: formations ARE divided





3-10, 31-36:  The difference between Payne and Woessner vs. Winter definitions is not clear.  Is it just that Winter lumps all together whereas the other subdivides them by rate of flow?





3-12, 14: It sounds as though intermediate groundwater flow system is a separate category and should be printed in bold at first mention.  Perhaps this sentence belongs later in the paragraph.





3-16, 24: Figure 3-9 C shows a very different percentage of headwater stream length across geographic regions and climates.  The sentence should either say that or say the percentage is similar WITHIN geographic regions and climates.  It is not correct as written.





Figure 3-12 would be improved by further explanation in the legend.  How did weather conditions vary on the two dates?  What is the reader supposed to notice in the two figures?  Very little is said about this figure in the text so some additional explanation in the figure legend is definitely needed.





Table 3-1: The arrows are somewhat misleading, e.g. in the fish example for a sink, the flow is from the river to the sink.  I realize that the footnotes say the arrows are illustrative and don’t represent flow directions, but they are confusing.  It would be clearer if the term “river” were not included as part of the figure; the figure is showing magnitude of input vs output and that would be more clearly shown if the term river were not included.





3-28, 6-10: The distinction between the two concepts of connectivity is not clear.  Further elaboration is necessary to make this point.





3-29, 30-32: Benthic bacteria do not consume FPOM.  They consume DOM and convert it to FPOM.  Many benthic invertebrates consume FPOM.  This sentence has to be corrected as it is WRONG.





3-31, 3:  Recognize that this estimate is probably an underestimate given the scale of maps upon which this assessment is based.





Figure 3-17: The distinction between permeable and impermeable soil is not clear – color differences not great enough.





3-43. 23: representative of what?





3-50, 22-25:  The Hammersmark et al. example doesn’t fit with the topic sentence.  How does this represent an adverse effect on downstream waters?





Charge question 3 a





Chapter 4 includes the most relevant scientific literature, which has been accurately characterized.  Although I have made suggestions below, my overall impression is positive.





Charge question 3b





The conclusions presented in section 1.4.1 are supported by the literature reviewed in Chapter 4.


 


Specific comments on Chapter 4 





4-9, 10: transmitted sediment is also essential for maintaining downstream beaches and tidal wetlands.





4-13, 2: is this sediment accumulation or wood accumulation rate?





4-16, 26: map scale for these first order streams should be noted in parentheses.   A footnote noting the limitations of the data set used, as on p. 4-61 would be useful.





4-17, 8-10: This sentence is not particularly informative.  So what if they modeled it?  What did the models show?  If the study is going to be cited, the reader needs to be told more about it.





4-18, 3: Again, include map scale for this in parentheses. A footnote noting the limitations of the data set used, as on p. 4-61 would be useful.





4-20, 4: Include the phosphorus numbers in this as well since three forms are mentioned in the sentence.





4-20, 12:  I question “much in their original form.”  That certainly is not the case for P.





4-20, 17: downstream effects of what – impaired cycling? This implies greater downstream effects when cycling is impaired, and that doesn’t make much sense.





4-20, 18: The major function of spiraling is to deliver transformed nutrients downstream. The examples that follow that statement show transformed nutrients not nutrients that have been regenerated in the same form in which they entered the stream.





4-22, 24-26: Benthic leaf litter is not only a source of FPOM; it is also a significant source of DOC.  Leaves in the streambed leach DOC, which is easily transported to downstream reaches.  For example, benthic leaf litter provided 30 % of daily exports of DOC in a S Appalachian headwater stream (Meyer et al. 1998. Ecosystems 1: 240-249).





4-23 – A study on the Ogeechee River in Georgia is worth considering here or perhaps more appropriately in the chapter on bidirectional wetlands.  We looked at metabolism and turnover length along that river continuum from second to sixth order reaches in a system with extensive floodplains.   Metabolism becomes increasingly dependent on allochthonous C sources with increasing stream order (because of floodplain contributions); first through third order streams represent 32% of the channel area of the sixth order basin, but only 9% of basin wide community respiration occurs in them.  Although higher order streams have longer turnover lengths and are less efficient in organic C processing, they are responsible for most of the metabolic activity in this river basin because of the importance of exchanges with the floodplain (Meyer and Edwards. 1990. Ecosystem metabolism and turnover of organic carbon along a blackwater river continuum. Ecology 71: 668-677.)  





4-24, 1-15: I question the value of these calculations.  Too many assumptions are made, and the number calculated is an average value with little meaning.  For example, the proportion of carbon from allochthonous sources is hugely variable across the country, so assuming a single number makes little sense.





4-26, 24-33: The contribution of this study is very unclear.  The paragraph is written as though the reader has read the paper.  What is the point that the reader is supposed to be getting from this paper?





4-27:  The discussion of transport from headwaters and impact of metals on downstream systems could be bolstered by literature on mercury contamination in the Sacramento-San Joaquin Delta and San Francisco Bay foodwebs.  Methyl mercury contamination of those foodwebs is the result of gold mining in the Sierras a century ago; yet we see the problem today in mercury contamination.  This provides a good example of long distance and long time frame transport of contaminants.  There are many papers on this topic; here is one: Gehrke et al. 2011.  Sources of mercury to San Francisco Bay surface sediment as revealed by mercury stable isotopes. Geochimica et Cosmochimica Acta 75: 691-705.





4-31, 27: predictors of what measure of fish assemblage structure?





The title of 4.7.3 is strange – evidence of what?  Evidence of connectivity would be a better title.





4-46, 24: Clarify that this is referring to the 1965 flood.





4-50, 14: rephrase “non-point land uses” 





4-56, 8: Note scale of NHD, i.e. this is clearly an underestimate of the percent of intermittent streams.  Could refer to Figure 4-8 where this is clearly articulated.  Or use footnote as did well on 4-61.





4-57, 17: a parenthetical explanation of basin and range (i.e. states included) would help the non-geologist reader.  Also Basin and Range is capitalized elsewhere.





4-67, 23: a footnote like that on 4-61 would be appropriate here.





Charge question 4 a





I provide a couple suggestions in my specific comments on Chapter 5 (below) on papers that could be included, but overall this is a thorough review of the relevant literature, correctly summarized.





Charge question 4b





The conclusions presented in section 1.4.2 are supported by the literature reviewed in Chapter 5.





Charge questions 5 a and b





I am less familiar with the literature on unidirectional wetlands, so will not comment on the thoroughness of this literature review.  The conclusions presented in section 1.4.3 are supported by the literature reviewed in Chapter 5.





Specific comments on Chapter 5 





5-8, 24-32: Trees falling in from the floodplain banks are a significant contribution of wood to the Ogeechee River, Georgia, and this wood provides the habitat for the highest macroinvertebrate productivity in the river (Wallace and Benke. 1984. Quantification of wood habitat in subtropical Coastal Plain streams. Canadian Journal of Fisheries and Aquatic Sciences 41: 1643-1652.)





5-9, 1: do you mean groundwater and riparian soil temperature?





5-11, 2-3: The importance of DOC coming from riparian leaf litter was clearly shown in the litter exclusion study (Meyer et al. 1998, cited above).





5-14, 17: also residual mercury from earlier eras, e.g. gold mining in the Sierras (see comment above about 4-27).





5-13, 25: This statement is not true in river systems with extensive floodplains like the Ogeechee River.  In addition to the metabolism study cited above (Meyer and Edwards 1990) showing the increasing importance of allochthonous inputs from floodplains to metabolism in higher order streams, floodplains are also significant sources of bacteria  (see Wainwright et al. 1992. Fluxes of bacteria and organic matter into a blackwater river from river sediments and floodplain soils. Freshwater Biology 28: 37-48.) to foodwebs in the river. 





Glossary 





The glossary is very useful.   Sodium adsorption ratio (4-26, 28) needs to be defined in it.  
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TECHNICAL CHARGE QUESTIONS - - M.T. Murphy





1.) Overall Clarity and Technical Accuracy of the Draft Report


Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.





 I have confined my response to Charge Question 1 to general comments, without numerous citations. The studies that I feel would improve the report are cited in the answers to Charge Questions 2 to 5. 





Overall, I was highly impressed with the quality of the report. I think that the organization and general writing contributed to a clear understanding of the state of the science and establishes the argument for the importance and need for this effort.  The integration of water quality management and protection undoubtedly benefits from a watershed approach and this conclusion has been reached by numerous federal and academic policy researchers (see NRC 2009 for a good summary).  Just as clearly, this integration needs to include agreement among public and private land managers on a consistent approach to long-term planning and conservation of watersheds. 





The report leaves no doubt that the potential exists for a ‘significant nexus’ between long-lived tributaries and navigable waters at all scales in a functional watershed. Watersheds physically structure the movement of water and advectively deliver energy/momentum, chemical components, microbial and higher biota, and genetic material to downstream waters. In addition, the aquatic and riparian habitat creates migratory movement of vertebrate life and connectivity of both species and populations - - in effect, a web of habitat.  In short, healthy downstream rivers depend fundamentally on healthy watersheds (Bennett 2003).


The conceptual model developed in this report has excellent scientific support as a description of the potential, even the probable, connectivity within a watershed.  My main disappointment is that the significance of the potential connectivity that it so carefully describes is not given equal weight. This shortcoming limits the strength of the report and its suitability as the foundation to a rule on jurisdictional waters.





Significance has a fundamental meaning in science, being the measure of the plausibility of a hypothesized cause-and-effect couple. This is usually assessed through a series of statistical tests that attempt to demonstrate the unreasonableness of the null hypothesis, i.e. that the causal connection is highly unlikely. Significance in ecology also carries a temporal component in addition to a spatial component. The cause/effect couple must occur within a time scale that is reasonable for the transport processes of the watershed.  I found many of the time-scale assumptions in the paper unstated or vague.





The arguments made in this report lean heavily upon a deterministic conceptualization of streamflow. For unregulated, perennial streams at flows less than bankfull, continuous and smoothly varied transport mechanisms are often a good approximation.  This is the basis of the River Continuum principle (Vannote, et al 1980) For rainfall limited streams (ephemeral, intermittent or interrupted), streams controlled by externalities ( e.g., human regulation or flood events), connectivity becomes discontinuous (Montgomery 1999, Ward and Stanford 1989, 2006) and cause and effect are best modeled in a discontinuous or probabilistic fashion.





Much of environmental science already relies on the idea that a significant causal connection is best idealized probabilistically. The exposure analysis paradigm from ecological risk assessments is that exposure is defined by a probability of contaminant (or trophic element) being transported along a physics-based pathway from a potential source to a target organism or population; this is a mature rationalization of exposure to harm (NRC 1983).  The exposure analysis paradigm might offer a better methodology to quantify ecological significance within specific time and space scales.  Adoption of the scientific basis of ecological risk assessments (Norton, 1992; Barnthouse, 1994; Pastorok et al., 2003; Suter, 2008), probabilistic hydrology (Beven 1993) and ecotoxicity, would greatly improve this study. Further discussion of the exposure analysis paradigm can be found in the response to Charge Question 5a. 





And one final general comment - - the study is very sparse in the discussion of the connectivity of avian habitat. The migratory use of both flowing and still aquatic environments by waterfowl seems well covered; however, the use of both riparian and upland wetlands and floodplains by terrestrial birds is also an important source of connection among potential waters of the US. I cite specific studies in Sections 3a, 4a and 5a, but, in general, a number of studies suggest that the fluvial structure is an important qualification for transitory riparian habitat for migratory songbirds and many endangered birds. For example, Arriana Brand and co-workers (2011, 2013) demonstrate in both the Rio Grande and San Pedro River how the fluvial complexity of the riparian corridor provides necessary habitat that supports the entire river basin.





Avian connectivity also supports the movement of biochemical components, including genetic diversity, nutrients and microbial life. Higher than expected levels of E. coli bacteria are found in some watersheds and genetic tracing of the micro-organisms suggests that bird feces are the vector (Edge and Hill, 2007; Wright et al., 2009).  





With all this in mind, the watershed basis for the definition of connectivity, as previously stated, is clearly supported by the existing text and the support for this opinion is extensive. This clearly implies that events significantly affecting the chemical, physical, and biological integrity of these headwaters could impact downstream navigable waters. I believe that the report makes an excellent start towards defining the nature of connectivity; however, in order to effectively support protection, the argument needs to extend beyond the potential for impact to the probability of harm. 



2.) Section 3 - Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function 





Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report.





This section provides a good basis for understanding the general nature of watershed function. The primary emphasis seems to be establishing the basic gravitational basis of water movement, as attenuated by landform modification, seepage and other dissipative processes.  There are several ideas, mentioned in the response to Charge Question 1, that have a direct impact on the conceptual basis of subsequent chapters. 





I was confused by the ambivalent way that time scales are evaluated in Section 3. In several parts of the discussion, connectivity seems to be fixed in time, at least relative to stream flow; however, in Section 3.3.2.2 there is an excellent discussion of flood-pulse expansion of stream networks.  Despite this, I did not get a clear picture of the time scales most relevant to the author’s arguments.





A more extensive discussion of hydrologic disturbance as an ecological control on habitat connectivity would be helpful, using, for example, the work of Fisher et al. (1982), Niemi et al. (1990), Sedell et al. (1990), Lytle and Poff (2004) and Stromberg (2007). Particularly useful would be a conceptual methodology for distinguishing human-initiated, long-term disturbance, which is often extirpating, from natural catastrophes and periodic events. This is a spot where the use of the exposure analysis paradigm (see Response 1) could provide a better defined spatial and temporal time scale for disturbance. It is important to evaluate how disconnection in highly regulated rivers can disrupt the existing biotic communities (Sedell et al., 1990).





Many of these issues converge in the list of connective processes and material fluxes outlined in Table 3-1 and referenced throughout the report.  The terms, source, sink, refuge, lag and transformation, as defined by the report, imply that some sort of scaling factor, a Δx or Δt is used to assure that the processes are comparable to the flux terms (Maher 2011).  For example, a sink is ecologically meaningless if it isolates pollutants on a time scale that is significantly shorter than the critical exposure time of an organism.  This fundamental issue was not clearly discussed in the text. There was occasional use of words, ‘often,’ ‘commonly,’ ‘rarely’ and even, ‘frequently;’ however, there was little explanation of what these words mean in context. 


 


In other places, spatially -dependent words are used that may have meaning in a regulatory sense but are not well grounded in science.  For example, the use of the phrase ‘geographically isolated wetlands’ is not conceptually helpful, particularly when the document glossary admits that the phrase implies no hydrologic or biological isolation. While geography is a science, there is little meaning to geographic isolation in this usage, as has been pointed out by several authors (Tiner, 2003; Leibowitz, 2003). There is clear scientific meaning to ‘interior drainage’ as a hydrological concept and a classic example are the playa lakes of the Basin and Range Province (Lichvar et al., 2006; French et al., 2006). Playa lakes only discharge during very rare rainfall events with infinitesimal probability. 





This is not semantic pedantry in that one can calculate and predict the weather conditions leading to discharge by predicting the runoff rates as a function of increasingly rare occurrence probability (return period). Thus, a particular basin can be evaluated as hydrologically open or closed if a probability of occurrence can be calculated. I was disappointed by Section 3.4.1; in that, the title seemed to promise some consideration of ‘Climate-Watershed Characteristics’ but on page 3-35 seemed to drift off in another direction. 





I was hoping for a discussion of how rainfall estimates are used to predict runoff. The location and amount of rainfall, particularly geographically discontinuous, convective storms that prevail in summer cannot, and probably never will, be predicted by any deterministic model. In addition, the abstraction of rainfall to interception, evaporation and infiltration is difficult to generalize.  When these factors conspire it becomes very difficult to generalize rainfall/runoff processes.  I had hoped that the discussion would tackle these problems as they impact where, when and how much runoff is produced in a watershed.





The publications of RH Hawkins of the University of Arizona discuss of the hydrologically singular nature of rainfall/runoff processes (Hawkins, 1978; Hawkins et al, 1985; Hawkins and Cundy, 1987; Hawkins 1993; Woodward et al, 2004 and many others). Despite these inherent difficulties, the probabilistic prediction of runoff is a mature science; probabilistic rainfall/runoff models (for example, HEC-HMS),  also have usefully informed ecological impact investigations (Poff et al 2010).  In point of fact, the hydrologically derived pathways are often the best characterized risks because of the robust nature of the field of probabilistic hydrology.


 


In summary, although I thought that the conceptual model was both clear and scientifically correct in outlining the importance and potential for connectivity in a watershed.  Despite this, without a better discussion of the conceptual basis of ecological significance, the usefulness of the model and subsequent applications is unnecessarily constrained. I wanted to see more acknowledgement of the probabilistic basis of rainfall/runoff  processes. The time scales and likelihood of transport processes need to be better defined and integrated into the conceptual model.



3.) Section 4 - Lotic Systems: Ephemeral, Intermittent, and Perennial Streams


3a.) Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Note typo at line 3, page 4-67, replace ‘Abo and Tijera Arroyos’ with ‘Abo and Tijeras Arroyos’





In many ways, this is the best section of the report. This may be because the science of stream ecology is so extensively developed. The sections give numerous examples of studies that support the conclusion that a potentially significant connection exists throughout most well-integrated[footnoteRef:7] watersheds. This would mean that the section primarily addresses watersheds that are continuously delivering water, energy, chemical components and biotic material in a smooth fashion under conditions of perennial or intermittent flow.   [7:  I use the term integrated drainage in the sense of Horton (1945) and Strahler (1957) as a disturbed landscape measurably trending towards an ideal morphometry where erosion and deposition are in quasi-equilibrium on a specific time scale.] 






I was particularly impressed by the sections (4.7 and 4.8) on prairie and Southwestern streams, two lotic ecosystems with which I am familiar. While my suggestions might strengthen the arguments, I feel these sections do quite well on their own and show that the authors understand the main technical problems that bedevil resource managers. I would suggest discussing the term ‘interrupted stream’ (Meinzer, 1923; Levick, 2008; RWRD, 2002) in this section. Stream flow that varies in space (i.e. from reach to reach) creates a different sort of connectivity than stream flow that varies in time (intermittent). 





My most serious question with this section concerns the limits of channelized flow in a watershed.   In other words, where and when does upland sheet flow end and a headwater stream begin? What are the criteria for the transition of transient rills and gullies to a functional integrated drainage?  On this vexing subject, the chapter does not provide clear guidance.   The implication in this document is that watershed connectivity extends right up to the point of raindrop impact and, in a sense, that is true.  However, the unintended regulatory consequences of this are a nightmare.





The science of landscape evolution has a goal of predicting topographic form using geomorphic principles (Hopp and McDonnell 2009). Landscape evolution theory has developed a very full body of morphological research that began with Horton (1945) and has evolved into field-calibrated, physics-based landscape elevation computer models (LEMs) (see Morgan and Nearing, 2011). LEM codes were developed to provide three-dimensional projections of soil erosion and sediment transport and the definition of stability under various quasi-equilibrium states (Willgoose and Hancock, 2010). All LEM models use a digital elevation model (DEM) as an initial condition and track the evolution of the land form against that initial profile. Most LEMs also use fluvial process, relating discharge/unit width, to simulate erosion. Thus, erosion is more pronounced in areas of channel flow as they transition to stable drainage networks (subwatersheds).





Two LEM codes that have received the most attention from geomorphologists are the SIBERIA (Willgoose et al., 1991; Hancock et al., 2000, 2008, 2009) and the Cellular Automaton Evolutionary Slope And River, or CAESAR (Coulthard, 1999; Coulthard and Van Der Wiel, 2006) codes.  These codes have been combined with LIDAR topographic data to provide predictive estimates of landscape stability (Hancock et al., 2008; Hancock et al., 2011). 





These models can provide a basis for predicting the potential for hydrologic connectitiy. Hydrologic connectivity is a subject of intense research scrutiny, mostly from a geostatistical perspective (Western et al., 2001;  Knudby and Carrera, 2005; Ver Hoef et al 2006; Bracken and Croke 2007; Michaelides and Chappell, 2009).  Both Western and co-workers (2001) and James and Roulet (2007) relate hydrologic connectivity to antecedent soil moisture, the degree of shallow saturation and transmission losses through channel seepage.  This relationship is key to the question of whether an observed surface water channel is an actual channel under a presumed rainfall event. Finally, Reaney and co-workers (2007) develop these concepts into an integrative model to access runoff connectivity in headwater catchments.





Obviously, these investigations were not set up to address the questions of the Connectivity study; however, these ideas could be used to clarify the difference between integrative headwater streams and temporary rills and gullies that, although potentially connected to downstream waters, would not be expected to impact downstream waters of the US in any significant way. Exploratory use of LEM and hydrologic connectivity theory could provide quantitative tests of evolving headwater landscapes and establish the scales for headwater processes important to watershed connectivity.





Section 4 could also be improved by discussing at greater length floodplain complexity and internal fluvial connectivity.  Ecologically active floodplains are generally considered those used by events in excess of the annual flood, the 1.5 year flood in many cases (Wolman and Miller, 1960; Junk et al., 1989; Poff et al., 1997); however, important ecological connectivity may exist between the active and abandoned floodplains (Richter and Richter, 2000), particularly when fish habitat is dynamic  (Polivka 1999). Boudell and Stromberg (2008) found wetland obligate seed in patches of abandoned floodplain completely colonized by upland species (mesquite scrub). This demonstrated that terrain with no surface evidence of flow had nevertheless been connected to the active channel in the recent past.  Seed bank studies might provide a critical discriminator between time scales in the location of active and inactive channels.





In Section 4.4, there should be discussion of how metal bioavailability varies with major ion chemistry, specifically calcium and magnesium (Di Toro, 2001). This is the basis of the EPA Biotic Ligand Model. Also, if the discussion of radionuclide transport in the Rio Grande is used, it should be updated to reflect recent work by the USGS (Falk et al., 2011), New Mexico Environment Department (Englert et al., 2007) and Los Alamos Scientific Laboratory (Fresquez and Jacobi, 2012).





Finally, as mentioned in the response to Charge Question 1, there is insufficient discussion of migratory bird use of riparian and aquatic habitat. This is a very important connective process that exhibits a great deal of complexity. Use of riparian corridors by migratory songbirds is clearly important (Skagen et al., 1998, 2005; Machtans et al., 1996; Scott et al., 2003; Gillies and St. Clair, 2008). Many of these studies point out that not all riparian areas are equal in ecological usefulness. Primarily, the degradation of avian habitat occurs with development within the riparian area (Fisher and Goldney, 1997) or when the habitat was discontinuous (‘stepping stone’ habitat) (Kondo and Nakagoshi, 2002). Thus, useful connectivity of bird habitat across watersheds may require more temporal and spatial complexity than simple static refugia.  





3b.) Please comment on whether the conclusions and findings in Section 4 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





Section 4 conclusions are supported by the available science.  Additional useful conclusions might be possible by expanding the discussion to include the upland/headwater transition and provide a scientific basis for establishing the limits of channelized flow in watersheds.





4.)  Section 5.3 -Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





4a.) Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Section 5.3 is probably the most clear-cut section in the report. Riparian wetlands are clearly significantly connective to downstream waters.  They provide critical water quality functions that protect downstream water uses and are essential habitat, in and of themselves.  Although Section 5.3 provides excellent scientific support for these and its own conclusions, a better functional definition of riparian wetlands is needed. For example, I don’t see an important distinction in the literature (or practice) between ‘floodplain’ and ‘riparian’ wetlands. Wetlands in a floodplain are almost always a functional part of the riparian ecotone, to some degree, and need to be evaluated within that context. 





A stronger definition of riparian wetlands is particularly important to the assessment of ephemeral streams, where floodplain and bank storage of ephemeral water is crucial for the long-term survival of the ecosystem (Richter and Richter, 2000; Stromberg, 2001; Tockner et al., 2010).  I was disappointed to see a reliance on Cowardin et al. (1979), which does not adequately discuss wetlands associated with non-perennial rivers and is, in any case, outdated.  I am not even sure a regulatory definition is needed for riparian/floodplain wetlands; if the stream is jurisdictional, the connected wetland would also be jurisdictional, regardless of the definition.


Other than this, my only reservation with Section 5.3 is, again, the neglect of the role of birds in ecological connectivity and transport of bacteria, both of which apply here even more critically than in the Charge Question 3.





4b.) Please comment on whether the conclusions and findings in section 5.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





The conclusions of Section 5.3 are scientifically valid for the discussion preceding it.





 5.) Section 5.4 - Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5a.) Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





In many ways, Section 5.4 deals with the most difficult issue of the entire report. It may even be the part of the report that deals with the most critical issue of the study - - what defines connectivity for wetlands that have no topographically obvious flow path to navigable waters. Section 5.4 takes a useful step in the direction of a solution and lays the groundwork for a good discussion but it punts in the final quarter and this is not acceptable.





The problem begins in the introduction, never clearly defining unidirectional wetlands. If the system is part of a surface water channel then it’s not isolated; if it is ground water derived, a seep in the usage of Springer and Stevens (2009) and Springer et al. (2008), then the source (regional ground water or shallow alluvial aquifer) of the discharge is critical to the question of connectivity and must be defined.





Section 5.4.2.2, concerning ground water flow, further confuses the issue with a mangled description of Darcy’s Law.  Hydraulic head drives porous media flow and is opposed by the inverse of hydraulic conductivity. Therefore, without a negative head difference there can be no unidirectional groundwater connectivity between a wetland and a stream. The hydraulic connectivity defines the significance of that flow as a transport process for energy, nutrients or contaminants. In other words, if it takes 10,000 years for a naturally attenuating pollutant to reach the stream, the wetland is effectively isolated from the stream, with respect to that stressor.





Much of the confusion in section 5.4 is predestined from the fact that connectivity is, once again, only defined deterministically (see my response to Charge Question 1). Being so defined, topographically closed basins can never be connected, except along a groundwater pathway. Any closed basin could, theoretically, become an open basin given enough rain; however, minus a biblical deluge, it is highly unlikely that many would ever spill to downstream waters.  The significance of this circumstance is something that can be evaluated through the return period of the rainfall event, based upon the statistical record of precipitation and the losses to seepage and evaporation of the produced surface runoff.  





The occurrence of runoff sufficient to connect unidirectional wetlands to downstream waters would thus follow a return period (for example, 1 year out of 100, or the 100-year event). It is curious that Section 5.4.2.1 cites three separate studies, Rains et al. (2008), Wilcox et al. (2011) and Leibowitz and Vining (2003) that produce some sort of probability of discharge for unidirectional wetlands.  In fact, Wilcox and co-workers (2011) even discuss the application of their method to the definition of jurisdictional waters.  Despite this, the report does not follow their lead.





Other studies add to this idea.  Benke and co-workers (2000, 2001) evaluated invertebrate habitat in the Ogeechee River basin (GA) using a regression analysis of a 58-y period of record to predict inundation depths.  Sommer and co-workers (2004, 2005) used hydrologic modeling of the Yolo Bypass in the Sacramento River delta (CA) to calculate what they called an ‘idealized hydraulic residence time’ and ‘idealized mean velocity’ that could be compared to Onchyrhynchus spp. habitat requirements.  Howard and Cuffey (2003) used the HEC RAS hydraulic model (and probabilistic rainfall estimates) to predict the most likely distribution for the mussel population of the South Fork of the Eel River (CA).  All of these studies were based upon statistically significant, peak and average runoff estimates for the upland watersheds. Nilsson and co-workers (2012) completed a probabilistic assessment of closed basins in Florida, using the metric ‘inundation frequency’ to classify their hydroperiod.





There are other useful ways of looking at the potential for hydrologic connectivity in these closed surface water bodies.  In the 1990’s, Pacific Northwest National Laboratory developed a program, the Multimedia Environmental Pollutant Assessment System (MEPAS) (Whelan et al., 1992), that analyzed the physics-based exposure risk of human and ecological targets based upon independent, coupled mechanistic models and stochastically determined parameters.  The scientific basis of the program was not as innovative as the combination of these two disciplines, stochastic hydrology and quantitative risk assessment.





MEPAS has since evolved, under the direction of the EPA, Office of Research and Development, National Exposure Research Laboratory into a system of integrated models called  Framework for Risk Analysis in Multimedia Environmental Systems (FRAMES) (Whelan et al., 2007), that is used to develop pathway analysis of stressors on exposed environments and individual targets. Of significance to this discussion is the integration of surface water transport models, such as the Soil & Water Assessment Tool (SWAT) (Arnold et al., 1998). The essence of this approach is to define the significance of conceptual risk within conventional exposure probabilities. 





One particularly intriguing use of FRAMES involved the simulation of downstream aquatic habitat conditions in the Albemarle-Pamlico basin (NC and VA). Johnston and co-workers (2011) describe using a physiographically stratified sample of headwater streams (50) to characterize the sources of chemical and physical stressors to the aquatic ecosystem. The resulting methyl mercury concentrations in fish tissue were simulated and compared to regulatory limits.





Whelan and co-workers (2010) are using the Quantitative Microbial Risk Assessment module of FRAMES to evaluate transport of pathogens (Cryptosporidium, E. coli, and Salmonella) downstream of land application and pasture-derived manure sources. This kind of analysis could provide spatial/temporal limits for the significance of pathogen loading in watersheds of high agricultural use.





The point of this sidebar is not to promote FRAMES or any other analytical tool, but to simply provide a way of getting past the ambiguities of Section 5.4. The connectivity of ‘geographically-isolated’ water bodies cannot be deterministically evaluated.  The difficulty disappears if a probabilistic, risk-based definition is used. Simply stated, a Section 5.4 water body is connected to downstream waters only if its probability of delivering environmental stressors or resources exceeds some acceptable risk to human and ecological receptors, which could be a water quality standard, a TMDL or another regulatory limit.





5b.) Please comment on whether the conclusions and findings in section 5.4 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





The conclusions of Section 5.5 are reasonable with regard to the evidence provided by Section 5.3 riparian and floodplain wetlands; however, the conclusions of Section 5.4 unidirectional wetlands, while reflective of the discussions of Section 5, are unacceptably open-ended, and it is difficult to imagine how they will be useful to resolving the current problems in defining the jurisdictional extent of the Clean Water Act.



REFERENCES CITED


Arnold, J. G., Srinivasan, R., Muttiah, R. S., and Williams, J. R. (1998). Large area hydrologic modeling and assessment part I: Model development 1. JAWRA Journal of the American Water Resources Association, 34(1), 73-89.





Arriana Brand, L., Juliet C. Stromberg, David C. Goodrich, Mark D. Dixon, Kevin Lansey, Doosun Kang, David S. Brookshire, and David J. Cerasale. Projecting avian response to linked changes in groundwater and riparian floodplain vegetation along a dryland river: a scenario analysis. Ecohydrology 4, no. 1 (2011): 130-142.





----------------------  Mark D. Dixon, Trevor Fetz, Juliet C. Stromberg, Steven Stewart, Gail Garber, David C. Goodrich, David S. Brookshire, Craig D. Broadbent, and Karl Benedict. Projecting Avian Responses to Landscape Management along the Middle Rio Grande, New Mexico.The Southwestern Naturalist 58, no. 2 (2013): 150-162.





Barnthouse, Lawrence W. Issues in ecological risk assessment: the CRAM perspective. Risk Analysis 14.3 (1994): 251-256. 





Bennett, A.F. (2003). Linkages in the Landscape: The Role of Corridors and Connectivity in Wildlife Conservation. IUCN, Gland, Switzerland and Cambridge, UK. x254 pp.





Benke, A. C., Chaubey, I., Ward, G. M., and Dunn, E. L. (2000). Flood pulse dynamics of an unregulated river floodplain in the southeastern US coastal plain. Ecology, 81(10), 2730-2741.





----------------- (2001) Importance of flood regime to invertebrate habitat in an unregulated river–floodplain ecosystem. Journal of the North American Benthological Society: June 2001, Vol. 20, No. 2, pp. 225-240.





Beven, K. (1993). Prophecy, reality and uncertainty in distributed hydrological modelling. Advances in water resources, 16(1), 41-51.Boudell, J. A., and Stromberg, J. C. (2008). Flood pulsing and metacommunity dynamics in a desert riparian ecosystem. Journal of Vegetation Science, 19(3), 373-380.





Bracken, L. J., and J. Croke. The concept of hydrological connectivity and its contribution to understanding runoff dominated geomorphic systems. Hydrological Processes 21.13 (2007): 1749-1763.  





Coulthard, T. J. (1999). Modelling Upland Catchment Response to Holocene Environmental Change. Unpublished Ph.D Thesis, School of Geography, University of Leeds, U.K. 181pp.





-------------------  Van De Wiel MJ. 2006. A cellular model of river meandering, Earth Surface Processes and Landforms, 31, 123-132.





Cowardin, L. M., Carter, V., Golet, F. C. and LaRoe, E. T. 1979. Classification of wetlands and deepwater habitats of the United States. US Fish and Wildlife Service FWS/OBS 79/31. 103 pp.


Di Toro, D. M., Allen, H. E., Bergman, H. L., Meyer, J. S., Paquin, P. R., and Santore, R. C. (2001). Biotic ligand model of the acute toxicity of metals. 1. Technical basis. Environmental Toxicology and Chemistry, 20(10), 2383-2396.





Edge, T. A., and Hill, S. (2007). Multiple lines of evidence to identify the sources of fecal pollution at a freshwater beach in Hamilton Harbour, Lake Ontario. Water Research, 41(16), 3585-3594.





Englert, M. D., Granzow, K. and Mayer, R., (2007). Distribution of Radionuclides in Northern Rio Grande Fluvial Deposits near Los Alamos National Laboratory, New Mexico. Department of Energy Oversight Bureau, New Mexico Environment Department, 2007.





Falk, S. E., Anderholm, S. K., and Engdahl, N. B. (2011). Selected Investigations and Statistical Summary of Surface-water Quality in the Rio Grande and the Rio Chama, North-central New Mexico, During Water Years 1985-2007. US Department of the Interior, US Geological Survey.





Fisher, Andrew M., and David C. Goldney. Use by birds of riparian vegetation in an extensively fragmented landscape. Pacific Conservation Biology 3.3 (1997): 275.





Fisher, Stuart G., Lawrence J. Gray, Nancy B. Grimm, and David E. Busch. Temporal succession in a desert stream ecosystem following flash flooding. Ecological monographs 52, no. 1 (1982): 93-110.





French, R. H., Miller, J. J., Dettling, C., and Carr, J. R. (2006). Use of remotely sensed data to estimate the flow of water to a playa lake. Journal of Hydrology, 325(1), 67-81.





Fresquez, P. R., and Jacobi, G. Z. (2012). Bioassessment of the Rio Grande Upstream and Downstream of Los Alamos National Laboratory, New Mexico, USA. Journal of Environmental Protection, 3(11), 1596-1605.





Gillies, Cameron S., and Colleen Cassady St. Clair. Riparian corridors enhance movement of a forest specialist bird in fragmented tropical forest. Proceedings of the National Academy of Sciences 105.50 (2008): 19774-19779.





-----------------  Crawter D, Fityus SG, Chandler J, Wells T. 2008. The measurement and modelling of rill erosion at angle of repose slopes in mine spoil, Earth Surface Processes and Landforms, 33, 1006-1020.





-----------------  Lowry JBC, Coulthard TJ, Evans KG, Moliere DR. 2009. A catchment scale evaluation of the SIBERIA and CAESAR landscape evolution models, Earth Surface Processes and Landforms.





----------------- Willgoose GR, Evans KG, Moliere DR, Saynor MJ. 2000. Medium term erosion simulation of an abandoned mine site using the SIBERIA landscape evolution model, Australian Journal of Soil Research, 38:249-263.





--------------------  Runoff curve numbers with varying site moisture. Journal of the Irrigation and Drainage Division 104.4 (1978): 389-398.





--------------------  Asymptotic determination of runoff curve numbers from data.  Journal of Irrigation and Drainage Engineering 119.2 (1993): 334-345.





--------------------  and T. W. Cundy.  Steady state analysis of infiltration and overland flow for spatially varied hillslopes.  JAWRA, Journal of the American Water Resources Association 23.2 (1987): 251-256.





-------------------- Allen T. Hjelmfelt Jr, and Adrian W. Zevenbergen. Runoff probability, storm depth, and curve numbers. Journal of irrigation and drainage engineering 111.4 (1985): 330-340.





Hopp, L., and J. J. McDonnell. Connectivity at the hillslope scale: Identifying interactions between storm size, bedrock permeability, slope angle and soil depth. Journal of Hydrology 376.3 (2009): 378-391.  





Horton, R. E. (1945). Erosional development of streams and their drainage basins; hydrophysical approach to quantitative morphology. Geological Society of America Bulletin, 56(3), 275-370.





Howard, J. K. and Cuffey, K. M. (2003) Freshwater mussels in a California North Coast Range river: occurrence, distribution, and controls. Journal of the North American Benthological Society: March 2003, Vol. 22, No. 1, pp. 63-77. 





James, A. L., and Roulet, N. T. (2007). Investigating hydrologic connectivity and its association with threshold change in runoff response in a temperate forested watershed. Hydrological Processes, 21(25), 3391-3408.





Johnston, J. M., McGarvey, D. J., Barber, M. C., Laniak, G., Babendreier, J., Parmar, R., ... and Ambrose, R. (2011). An integrated modeling framework for performing environmental assessments: Application to ecosystem services in the Albemarle-Pamlico basins (NC and VA, USA). Ecological Modelling, 222(14), 2471-2484.





Junk, W. J., Bayley, P. B., and Sparks, R. E. (1989). The flood pulse concept in river-floodplain systems. Canadian special publication of fisheries and aquatic sciences, 106(1), 110-127.





Knudby, C., and Carrera, J. (2005). On the relationship between indicators of geostatistical, flow and transport connectivity. Advances in Water Resources, 28(4), 405-421.





Kondo, Toshiaki, and Nobukazu Nakagoshi. Effect of forest structure and connectivity on bird distribution in a riparian landscape. Phytocoenologia 32.4 (2002): 665-676.





Leibowitz, S. G. Isolated wetlands and their functions: an ecological perspective. Wetlands 23.3 (2003) 


------------------- and Vining, K. C. (2003). Temporal connectivity in a prairie pothole complex. Wetlands, 23(1)


Levick, L., J. Fonseca, D. Goodrich, M. Hernandez, D. Semmens, J. Stromberg, R. Leidy, M. Scianni, D. P. Guertin, M. Tluczek, and W. Kepner. 2008. The Ecological and Hydrological Significance of Ephemeral and Intermittent Streams in the Arid and Semi-arid American Southwest. U.S. Environmental Protection Agency and USDA/ARS Southwest Watershed Research Center, EPA/600/R-08/134, ARS/233046, 116 pp. (Not used in text)





Lichvar, R., Brostoff, W., and Sprecher, S. (2006). Surficial features associated with ponded water on playas of the arid southwestern United States: Indicators for delineating regulated areas under the Clean Water Act. Wetlands, 26(2), 385-399.





Lytle, David A., and N. LeRoy Poff. Adaptation to natural flow regimes. Trends in Ecology and Evolution 19.2 (2004): 94-100.


  


Machtans, Craig S., Marc André Villard, and Susan J. Hannon. Use of riparian buffer strips as movement corridors by forest birds. Conservation biology 10.5 (1996): 1366-1379.





Maher, K. The role of fluid residence time and topographic scales in determining chemical fluxes from landscapes. Earth and Planetary Science Letters 312.1 (2011): 48-58.  





Meinzer, O. E. (1923). Outline of groundwater hydrology. US Geology Survey Water Supply, 8.


Michaelides, Katerina, and Adrian Chappell. Connectivity as a concept for characterising hydrological behaviour. Hydrological Processes 23.3 (2009): 517-522.  





Montgomery, D. R. (1999). Process Domains and the River Continuum. JAWRA Journal of the American Water Resources Association, 35(2), 397-410.Morgan, R. P. C., and Nearing, M. A. (Eds.). (2011). Handbook of erosion modelling. Wiley-Blackwell.





Niemi, Gerald J., Philip DeVore, Naomi Detenbeck, Debra Taylor, Ann Lima, John Pastor, J. David Yount, and Robert J. Naiman. Overview of case studies on recovery of aquatic systems from disturbance. Environmental management 14, no. 5 (1990): 571-587. 





Nilsson, Kenneth A., et al. Hydrologic characterization of 56 geographically isolated wetlands in west-central Florida using a probabilistic method. Wetlands Ecology and Management 21.1 (2012): 1-14.  





Norton, Susan B., et al. A framework for ecological risk assessment at the EPA. Environmental Toxicology and Chemistry 11.12 (1992): 1663-1672.





NRC, US National Research Council, National Academy of Science


NRC (1983). Risk assessment in the federal government. Managing the process. National Academy Press, Washington, DC.





NRC (2009). Urban stormwater management in the United States. National Academies Press.


Pastorok, Robert A., et al. Role of ecological modeling in risk assessment. Human and Ecological Risk Assessment 9.4 (2003): 939-972.





Poff, N. L., Allan, J. D., Bain, M. B., Karr, J. R., Prestegaard, K. L., Richter, B. D., ... and Stromberg, J. C. (1997). The natural flow regime. BioScience, 47(11), 769-784.





------------- Richter, B. D., Arthington, A. H., Bunn, S. E., Naiman, R. J., Kendy, E., ... and Warner, A. (2010). The ecological limits of hydrologic alteration (ELOHA): a new framework for developing regional environmental flow standards. Freshwater Biology, 55(1), 147-170.





Polivka, Karl M. The microhabitat distribution of the Arkansas River shiner, Notropis girardi: a habitat-mosaic approach. Environmental biology of fishes 55.3 (1999): 265-278.





Rains, M. C., Dahlgren, R. A., Fogg, G. E., Harter, T., and Williamson, R. J. (2008). Geological control of physical and chemical hydrology in California vernal pools. Wetlands, 28(2), 347-362., 13-25.





Reaney, S. M., L. J. Bracken, and M. J. Kirkby. Use of the connectivity of runoff model (CRUM) to investigate the influence of storm characteristics on runoff generation and connectivity in semi arid areas. Hydrological Processes 21.7 (2007): 894-906.  





Richter, Brian D., and Holly E. Richter. Prescribing flood regimes to sustain riparian ecosystems along meandering rivers. Conservation Biology 14.5 (2000): 1467-1478.





RWRD, Pima County (AZ) Regional Wastewater Reclamation Department


RWRD (2002), Arid West Water Quality Research Project-Habitat Characterization Project Final Report, Pima County Regional Wastewater Reclamation Department, Tucson, AZ.





Scott, Michael L., Susan K. Skagen, and Michael F. Merigliano. Relating geomorphic change and grazing to avian communities in riparian forests. Conservation Biology 17.1 (2003): 284-296





Sedell, J. R., Reeves, G. H., Hauer, F. R., Stanford, J. A., and Hawkins, C. P. (1990). Role of refugia in recovery from disturbances: modern fragmented and disconnected river systems. Environmental Management, 14(5), 711-724.





Skagen, Susan K., et al. Comparative use of riparian corridors and oases by migrating birds in southeast Arizona. Conservation Biology 12.4 (1998): 896-909.





----------------------- Jeffrey F. Kelly, Charles van Riper III, Richard L. Hutto, Deborah M. Finch, David J. Krueper, and Cynthia P. Melcher. Geography of spring landbird migration through riparian habitats in southwestern North America. The Condor 107, no. 2 (2005): 212-227.





Sommer, T. R., Harrell, W. C., Solger, A. M., Tom, B., and Kimmerer, W. (2004). Effects of flow variation on channel and floodplain biota and habitats of the Sacramento River, California, USA. Aquatic Conservation: Marine and Freshwater Ecosystems, 14(3), 247-261.





------------------ Harrell, W. C., and Nobriga, M. L. (2005). Habitat use and stranding risk of juvenile Chinook salmon on a seasonal floodplain. North American Journal of Fisheries Management, 25(4), 1493-1504.





Springer, A. E., and Stevens, L. E. (2009). Spheres of discharge of springs. Hydrogeology Journal, 17(1), 83-93.





------------------- Stevens, L. E., Anderson, D. E., Parnell, R. A., Kreamer, D. K., Levin, L., and Flora, S. (2008). A comprehensive springs classification system: Integrating geomorphic, hydrogeochemical, and ecological criteria. Aridland springs in North America: ecology and conservation. University of Arizona Press, Tucson, AZ.





Strahler, A. N. (1957). Quantitative analysis of watershed geomorphology. Transactions of the American geophysical Union, 38(6), 913-920.





Stromberg, J. C., Restoration of riparian vegetation in the south-western United States: importance of flow regimes and fluvial dynamism. Journal of Arid Environments 49.1 (2001): 17-34.


---------------------  V. B. Beauchamp, M. D. Dixon, S. J. Lite, and C. Paradzick. Importance of low flow and high flow characteristics to restoration of riparian vegetation along rivers in arid south western United States. Freshwater Biology 52, no. 4 (2007): 651-679.





--------------------- et al. Importance of low flow and high flow characteristics to restoration of riparian vegetation along rivers in arid south western United States. Freshwater Biology 52.4 (2007): 651-679. 


 


Suter, Glenn W. Ecological risk assessment in the United States environmental protection agency: A historical overview. Integrated Environmental Assessment and Management 4.3 (2008): 285-289.





Tiner, Ralph W. Geographically isolated wetlands of the United States. Wetlands 23.3 (2003): 494-516.





Tockner, K., Lorang, M. S., and Stanford, J. A. (2010). River flood plains are model ecosystems to test general hydrogeomorphic and ecological concepts. River Research and Applications, 26(1), 76-86.





Vannote, R. L., Minshall, G. W., Cummins, K. W., Sedell, J. R., and Cushing, C. E. (1980). The river continuum concept. Canadian journal of fisheries and aquatic sciences, 37(1), 130-137. 





Ver Hoef, Jay M., Erin Peterson, and David Theobald. Spatial statistical models that use flow and stream distance. Environmental and Ecological statistics 13.4 (2006): 449-464.





Ward, J. V., and Stanford, J. A. (1995). The serial discontinuity concept: extending the model to floodplain rivers. Regulated Rivers: Research & Management, 10(24), 159-168.





--------------- and Stanford, J. A. (2006). Ecological connectivity in alluvial river ecosystems and its disruption by flow regulation. Regulated Rivers: Research & Management, 11(1), 105-119.Western, A. W., Blöschl, G., and Grayson, R. B. (2001). Toward capturing hydrologically significant connectivity in spatial patterns. Water Resources Research, 37(1), 83-97.





Western, Andrew W., Günter Blöschl, and Rodger B. Grayson. Toward capturing hydrologically significant connectivity in spatial patterns. Water Resources Research 37.1 (2001): 83-97.  





Whelan, G., Buck, J. W., Strenge, D. L., Droppo Jr, J. G., Hoopes, B. L., and Aiken, R. J. (1992). Overview of the multimedia environmental pollutant assessment system (MEPAS). Hazardous Waste and Hazardous Materials, 9(2), 191-208.





--------------- Millard, W. D., Gelston, G. M., Khangaonkar, T. P., Pelton, M. A., Strenge, D. L., ... and Castleton, K. J. (2007, May). Using FRAMES to Manage Environmental and Water Resources. In World Environmental and Water Resources Congress 2007@ sRestoring Our Natural Habitat (pp. 1-17). ASCE.





---------------  Tryby, M. E., Pelton, M. A., Soller, J. A., and Castleton, K. J. (2010). Using an Integrated, Multi-disciplinary Framework to Support Quantitative Microbial Risk Assessments. In Proceedings of the 2010 International Congress on Environmental Modelling and Software, DA Swayne, W. Yang, AA Voinov, A. Rizzoli, and T. Filatova (Eds.), Ottawa, Canada.





Wilcox, B. P., Dean, D. D., Jacob, J. S., and Sipocz, A. (2011). Evidence of surface connectivity for Texas Gulf Coast depressional wetlands. Wetlands, 31(3), 451-458.: 517-531.





Willgoose, G.R., Bras R.L., Rodriguez-Iturbe I. 1991. A physically based coupled network growth and hillslope evolution model: 1 theory. Water Resources Research 27(7): 1671–1684.





Willgoose, G. R. and Hancock, G. R., 2010, Applications of Long-Term Erosion and Landscape Evolution Models, in Handbook of Erosion Modelling (eds R. P. C. Morgan and M. A. Nearing),


Wolman, M. G., and Gerson, R. (1978). Relative scales of time and effectiveness of climate in watershed geomorphology. Earth Surface Processes, 3(2), 189-208.





--------------------  and Miller, J. P. (1960). Magnitude and frequency of forces in geomorphic processes. The Journal of Geology, 54-74.





Woodward, Donald E., Richard H. Hawkins, Ruiyun Jiang, Allen T. Hjelmfelt Jr, Joseph A. Van Mullem, and Quan D. Quan. Runoff curve number method: examination of the initial abstraction ratio. ASCE, 2004.





Wright, M. E., Solo-Gabriele, H. M., Elmir, S., and Fleming, L. E. (2009). Microbial load from animal feces at a recreational beach. Marine pollution bulletin, 58(11), 1649-1656.








Murphy comments 									 Page 159


[bookmark: _Toc374538481]Dr. Duncan Patten





Comments on Various Sections and Issues in the Connectivity Report.... Patten


The first few pages of this comments document are some general thoughts and findings. These are followed by a discussion on structure of the report and then a review of the framework section. 





What is Document's Purpose? The purpose of this document is to review and synthesize available evidence in the peer-reviewed scientific literature pertaining to three questions: 


1. What are the physical, chemical, and biological connections to and effects of ephemeral, intermittent, and perennial streams on downstream waters? 


2. What are the physical, chemical, and biological connections to and effects of riparian or floodplain wetlands and open-waters (e.g., riverine wetlands, oxbow lakes) on downstream waters?


 3. What are the physical, chemical, and biological connections to and effects of wetlands and certain open-waters that lack bidirectional hydrologic exchanges with downstream waters (e.g., most prairie potholes, vernal pools), hereafter referred to as unidirectional wetlands, on downstream waters? 





Question: Does the document clearly achieve the purpose and is it  organized appropriately with similar organization and presentation throughout? 





Answer: In general the document addresses the primary issues using appropriate literature and discussion.  As expected, there are many statements that can be questioned or expanded to be more accurate or complete.  For some issues, ideas or thoughts are presented. Section 3 dealing with the Framework is more fully discussed. 








Issues raised relative to the report. 





Magnitude of Connectivity. The report uses science to show the connectivity of water and other components between various water bodies within a watershed context, with emphasis on "rivers" as the receptor of water from other entities. Based on this, the report relates to types and directionality of connectivity but has limited discussion on magnitudes of connectivity which may be important to eventual assessment of the "significance" of connectivity. 





Interconnections between water bodies.  The following statement "The Information about connections among water bodies of the same type (e.g., wetland-wetland, headwater stream-headwater stream) that do not influence the condition of downstream waters, are considered out of scope" of this report, seems to forget the cumulative effects of small headwater streams, for example, on other small headwater streams that together may have a cumulative effect. How does this statement relate to two first order streams that together become a second order stream but influence each other in the integration?  How does this statement relate to two bidirectional wetlands on headwater streams, one above the other, that influence each other down slope? 





Does this statement ignore cumulative effects which may magnify the magnitude of the connectivity? 


Weight of Evidence.  In order to "justify" a connection, Weight of Evidence approach is used when connections are not obvious.  The report states that "This approach, which borrows from weight-of-evidence approaches in causal analysis (Suter et al., 2002), is an effective way to synthesize the diversity of evidence needed to address questions at regional and national scales."  





Does "weight of evidence" give credence to justifying a connectivity between smaller water bodies and rivers?





Human Altered Water Bodies (relates mostly to rivers in the SW). Some issues... .  How does the report address rivers that once were perennial that now are intermittent (or perhaps ephemeral) in some of the lower reaches due to factors such as irrigation take out or groundwater pumping?  Mentioned but not discussed in much detail but quite typical of SW rivers. 





How does the report address rivers that once may have been perennial but now have flows maintained because of "artificial" means, for example,  inflow of effluent, groundwater recharge near river? Common in SW rivers (e.g., a high percentage of Arizona rivers are effluent dominated). 





Are rivers "connected" if a river has no flow, except perhaps high flood events that extend the "apparent" perennial nature of the river.  River may have been dried up artificially to start with or may have been perennial before human influence.


 


"Human "intervention"... can make some water bodies "connected" to others when they weren't prior to intervention.  For example, the statement page 3-50 "groundwater withdrawal also can increase connectivity in areas where that groundwater is applied or consumed." One assumes that "applied" means used for irrigation and tail-water from irrigation may flow to river (thus groundwater is connected to river???).  Consumed would mean, for example, used in a city and the effluent from that city thus flows to a river??


This statement seems to imply that pumping groundwater and transporting it via "pipes, etc." will create a "connection" between the groundwater and some river where the applied or consumed water might reach. 





The report does address restoration of "connectivity" giving dam removal as an example. Certainly, the connectivity of water above and below dams was never "broken" but sediment transport was altered and dam removal would restore this.  This addresses the "importance" of non-water components of hydrology when considering connectivity. 





Comments and Questions on components of connectivity and influencing factors.  





In addressing connectivity as a concept, the report states "Water movement through the river system is the primary, but certainly not the only, mechanism providing physical connectivity within river networks."   Examples of no water movement include aquatic food webs which connect terrestrial ecosystems, streams, wetlands, and downstream waters.  Here connectivity includes terrestrial parameters that are distant from waters other then aerial connective pathways.  This essentially means that any watershed or ecosystem parameter that at some point may "interact" with the stream, wetland or river can be used to determine connectivity.  Should the panel comment on this? 





In addition, if one follows the thinking of the following statement, almost parameter in and about a watershed is possible for evaluating connectivity.  The statement reads "Climate, watershed topography, soil and aquifer permeability, the number and types of contributing waters, their spatial distribution in the watershed, interactions among aquatic organisms, and human alteration of watershed features can act individually or in concert to influence stream and wetland connectivity to, and effects on, downstream waters."  Should connectivity be so all inclusive when considering guidelines for regulations which this report will be used for? 





In addition, an interesting statement that implies limited connection between water and its components may be confusing. This statement is: " Importantly, our use of these landscape settings based on hydrologic directionality should not be construed as suggesting directionality of geochemical or biological flows." (page 1.2 ln 16).  Since geochemical and biological factors are used, in part, to demonstrate connectivity, how is the statement above intended to be interpreted? 





Literature Used in the Report





Overall, the report presents an extensive cross section of the pertinent literature on each topic, remembering that there was a cutoff date when the initial report was produced and literature published after that date could not be considered.  Some literature used may stretch the findings of the publication but overall interpretation of data and findings seem appropriate. 


Question about literature used: Only peer reviewed literature is used. Question: Are all books cited peer reviewed.  One assumes that if a publisher publishes a book, it has gone to outside experts for review of the book or chapters.   Are all government reports cited peer reviewed?  If a chapter in a book is used for information, the chapter should be cited, not the book and the book should also be cited. 





Suggested Additional Literature:





Unidirectional wetlands: 





Stevens, L.E. and V.J. Meretsky (eds). 2008. Aridland Springs in North America: Ecology and Conservation. Arizona-Sonoran Desert Museum Studies in Natural History. University of Arizona Press, Tucson, AZ.  (individual chapters may be appropriate for water bodies that lack bidirectional flows). 


 


Bidirectional wetlands:





Brinson, M. M. 1993. Changes in the functioning of wetlands along environmental


gradients. Wetlands 13:65-74.





Naiman, R. J., H. Decamps, and M. Pollock. 1993. The role of riparian corridors in


maintaining regional biodiversity. Ecological Applications 3:209-212.





Terminology Issues





Aquitard only used where it prevents water percolating into ground and not where it constrains upward movement of groundwater and is critical to development of artesian wells and springs.  Glossary should have term.  The report uses aquiclude (some consider this the same as aquitard but it is a layer that does not give up water readily and/or reduce infiltration deep and cause to move through permeable soils on top (sounds like aquitard). The one  in glossary should refer to other.





Are terms such as "terminal stream" (fig 3.18) or "terminal source stream" as in glossary commonly used in literature? 





Figure In Executive Summary .  Figure 1.1 caption and figure. There should be a red line between saturated zone and isolated wetlands as many isolated wetlands receive water from groundwater sources. This is discussed in text under unidirectional wetlands.  The assumption from this figure is that isolated wetlands receive water only from surface inputs which is incorrect and is correctly addressed in text. 






Review Comments on Connectivity Report Structure by Patten





Comments on Structure ... The overall structure of the report proceeds logically after executive summary and introduction from conceptual framework through hydrological types (i.e., streams, wetlands, and conclusions). The stream and wetland sections are presented in several subsections, the stream section presents an overview with synthesis followed by case studies, while the wetland section presents different wetland types followed by case studies.  This section is much more expansive than the river section as it not only covers riparian and floodplain bidirectional wetlands but also unidirectional wetlands some of which may be isolated. The wetland section also offers many more case study examples of wetland types including those from mesic and arid regions, a format that should have been used in the stream section. 


Each section steps through various influences or effects of the "wetland type"... including water (various aspects of water such as quality, etc.),  sediment, organic matter, various biota, etc. Each discussion is designed to support a "connectivity theme".  Is there an effort to "find connectivity" even where it may not exist? 





Each section ends with a Synthesis and Implications section which is essentially a summary of findings (conclusions???). This is useful. 





Wrap up tables at end of sections is a good idea and helpful (is this true for all sections???)  Found in wetland section but elsewhere???





The whole document ends with Conclusions and Discussion (similar to those in Exec summary).





Assessment of Document Objectives/Goals: The apparent goals and/or objectives of this document are to demonstrate that connectivity "comes in many sizes and factors and/or attributes".  Using this as the goal, the document demonstrates connectivity between variable water sources, even some that appear to have no direct hydrological connections.  This raises the question of what is meant by "connectivity".  If it is only an open water connection, then many of the cases and examples used do not meet that test. If it includes attributes that in some way connect hydrological units whether they be physical, chemical or biological, then the "connectivity" test may be achieved. Apparently, groundwater connections are considered a "direct" water connection but at what level.  For example, if groundwater feeds a spring that does not flow into a river and also a spring that does, are these all connected to the river? 





Use of Case Studies.





Case studies are a good approach to demonstrating some detail about rivers and/or wetlands. However, in this report the case studies of streams report on "unusual" types of streams from either a functional or geographic perspective and there is no detailed explanation of the reasons behind the selection of various case studies. For example, case studies for Streams (section 4) are arid stream systems, for example, prairie streams and southwestern intermittent and ephemeral streams.  In the latter, the San Pedro is selected because it has been closely studied (and was part of the EPA EMAP program which may not have been a reason for selection). There is no mention of how the San Pedro might compare to other streams in the region where there have also been extensive studies (e.g., Gila, Hassayampa, Santa Cruz). Is the San Pedro really representative of streams from this region and should the report explain this representative nature of the San Pedro? 





In addition, for comparison and a better understanding of function and connectivity of the case study streams, the report should also have a case study (or two) of an eastern and/or midwestern stream.  How does the reader understand the relative uniqueness of SW streams without this comparison?  Also, how does the reader understand the processes that influence determination of connectivity in eastern and/or midwestern streams without a case study with detail like those presented in the prairie and southwestern case studies?





Case studies presented in the wetland section (section 5) include a greater variation of wetland types and geographical settings than the streams section. As mentioned above, this greater variation in case studies might improve the stream section. 





The case studies are presented as "stand alone" sections with their own abstracts.  This is both good and bad as the information found in the case studies is not mentioned in the abstract for the overall section, and yet, it allows for a more detailed abstract for the case study. My recommendation would be to include a brief summary of the case studies in the section abstract. 





 Framework Section.  (see following review). 





Streams Section  (no review)





Wetland Sections 





Some of the following comments may also be found in review of Framework section. 





The riparian and floodplain wetland subsection within Wetlands section is what one would expect to be presented in this report as these wetlands are directly associated with streams. There might be a better distinction between the riparian system that is adjacent to the river but above the saturation zone and riparian wetlands that are within the saturation zone along the river.  In most cases riparian ecosystems are not considered to be a wetland. To address this, the report attempts to explain that most of the literature on riparian ecosystems may not be on riparian wetlands as determined by Cowardin system but the literature for this was included in this report as it is important to understanding the connectivity of this zone along a stream.  The report also states that some riparian wetlands can be isolated and surrounded by uplands. By definition, riparian systems are on the edge of bodies of water (rivers, lakes, etc.) and thus cannot be surrounded solely by uplands. An edge must be along the body of water. 





Unidirectional wetlands uniqueness.  Bidirectional wetlands (i.e., riparian and floodplain wetlands) have direct connections with streams and thus may be considered as functional unit of the stream.  Unidirectional wetlands deliver water to streams if there is sufficient water. However, some unidirectional wetlands, especially those in arid regions where groundwater springs or seeps may create the wetland, may never produce enough flow to reach a stream or river and thus are geographically isolated.  Their role in groundwater connections with streams is tenuous and thus demonstrating any connectivity with rivers may be difficult. If groundwater is withdrawn from the spring area and used for surface irrigation or other uses, potential connectivity may be created (see comments on reports statement on use of groundwater "groundwater withdrawal also can increase connectivity in areas where that groundwater is applied or consumed."





No mention of artesian spring fed unidirectional wetlands (may be geographically isolated). This means no mention of aquitard (see terminology comments) although the confined aquifer is discussed in framework section.  






Comments on Section 3. Conceptual Framework





Overall, this section lays out an understandable, and comprehensive organization of the river system (or watershed) on which the report is based. Throughout it, however, there are many points that need clarification or for which there are questions.  These follow: 





Channels. Should "constructed" passageways or depressions be included in description of "channels" that convey water down gradient? (pg 3-1).  This is a point of contention among those discussing connectivity of waters. 





Rivers and Streams. These have the same description except for the volume of flow. One has large volume and one small volume.  When is there a distinction? 





Headwater streams. Why are "headwater streams"   first to third order?  Because researchers designated them that or is there a scientific reason? How far out of "headwater" landscape does a stream have to flow to no longer be headwater? 





Figure 3.1 should have citation as to whose system this configuration follows. 





River System.  What is the difference between this and a watershed which is, according to the text, the basis on which connectivity will be determined.  Figure 3.2 looks like a watershed diagram. 





Figure 3.2. Caption discusses unidirectional wetland but figure uses geographically isolated wetland.  If these are indistinguishable, then text should support this. This figure uses "drainage basin" with heading "river system".  Why not stick with watershed which is claimed to be the foundation of the whole report? 





Note: On page 3.5 the report slips from riparian and floodplain into wetlands without highlighting this shift.  This shift follows with an extensive discussion of description and directionality of flow.  Somewhere this shift should be highlighted. 


 


Wetland description.  This report uses Cowardin and not federal regulatory designation of wetland.  Although the report describes wetlands as including areas such as swamps, bogs, fens, marshes, ponds, and pools, under this designation, riparian areas can be considered wetlands because they may have hydrophytic plants (only one designator of wetlands under fed). However, under description of bidirectional wetlands the following description of riparian wetlands is used: "Riparian wetlands are portions of riparian areas that meet the Cowardin et al. (1979) three-attribute wetland criteria (i.e., having wetland hydrology, hydrophytic vegetation, or hydric soils)".   No detailed discussion of why the report follows Cowardin, with this exception and why this exception because this shift is critical to understanding the importance and potential protection of riparian areas. This whole area of how to describe wetlands needs to be clarified as it is a point of contention. 





Directionality of hydrologic flows. 


 


	Unidirectional wetland description should include possible sources of water that maintain the wetland and also flows to stream or river.  Is this also the place in the text where there is a description of wetlands that have a water source but that do not have outlets that flow far enough to reach river or stream? (see figure 3-19, page 3-39 for some discussion on this). 





Geochemical flux.  Should geochemical fluxes that are not part of hydrological connectivity be considered? (pg. 3-8).  E.g., salmon carcasses...a geochemical fluxes that is decoupled from hydrologic flows.  Mentioned but may be considered a part of "connectivity" if one expands the concept. 





Bidirectional wetlands that are isolated.  The discussion and description of this which includes a hydrological connection via occasional flooding tends to leave out the potential alluvial aquifer connection that these isolated wetlands may have with river.  The report does consider the difficulty of determining these connections. 





Sub Section on River System Hydrology. (3.2.2). 


 


Confined aquifers. The diagram (3-4) used to describe zones (saturated and unsaturated) is too simple. Need some combination of fig 3-5 and 3-4 as 3-5 is somewhat confusing. The text discusses aquiludes a layer which gives up little water and confined aquifers (confined by aquitards), it states that the confined aquifer has less influence to surface that unconfined aquifer, which may be true, but in many areas confined aquifers can be significant sources of water via natural artesian water which support wetlands and and the water may flow to rivers.  


Regional groundwater is discussed with connections to local groundwater.  Both can be critical water sources in arid regions and thus a water source for local streams when artesian flow is sufficient.  Artesian flow from regional groundwater to surface may pass through local groundwater layer but not necessarily.


 


Alluvial groundwater and hyporheic exchange.(3-14).  This is a relatively good discussion of the processes and importance of these features. 





Perennial and intermittent flows. (3-14) In this discussion flows are measurable surface flows, however, in the arid west many streams may flow perennially above and below surface but are measured as intermittent as some seasons the flows are subsurface.  This affects aquatic organisms but not necessarily riparian vegetation. 





Stream expansion and contraction discussion. (3-19, 3-20). The discussion uses snowmelt events as ephemeral events (same as a rain event), however, in much of mountain country snowmelt occurs over a long period and can be a source of water for much of the year (creating perhaps an intermittent flow), especially if snow fall was above normal. This includes small headwater streams as well as larger headwater and mainstem streams.





Riverine wetland (3-21).  These can be both bi and unidirectional as discussed but what are small single source wetlands that are unidirectional and produce an output flow?  Still riverine wetlands?  Needs clarification. 





Subsection 3.3 Influence of Streams and Wetlands. 





The following statement (pg 3-25) is the essence of this section.  It is also perhaps one of the more controversial ideas of connectivity as it extends beyond just water connections. Relative to the CWA it is an important statement and one which review of the report must keep in mind. 


"Thus, the fundamental way in which streams and wetlands affect river structure and function is by altering fluxes of materials to the river. This alteration of material fluxes depends on two key factors: functions within streams and wetlands that affect material fluxes, and connectivity (or isolation) between streams and wetlands and rivers that allows (or prevents) transport of materials between the systems."


 


Note: The discussion of connectivity (3-28) in this section should be discussed in the review as it may build on connectivity within or between biotic units, for example, which may not be considered connectivity between hydrologic units by many readers of the report. 





Rivers as conduits. The following statement page 3-29, "As noted in Section 3.2.3, streams and rivers are not pipes" raises the issue of transport of withdrawn groundwater and "applying or consuming" it which the report states page 3-50 "groundwater withdrawal also can increase connectivity in areas where that groundwater is applied or consumed." How does one move water to be applied or consumed?  Pipes???





Connectivity (non-aquatic)... Figure 3-14 and associated discussion creates a connectivity through aerial connections between wetlands and river, etc.  The review should address this type of connectivity and its appropriateness as this is a potentially controversial issue. 





Time and Space. The following statement (pg 3-31) brings up an important topic that should be discussed and supported in review. "When assessing the effects of connectivity/isolation and the five general functions (sources, sinks, refuges, lags, and transformation; see Table 3-1) on downstream waters, dimensions of time and space must be considered."


	


Types of hydrologic connections and examples. 





Water sources San Pedro example (3-40).  The following statement appears to contradict itself. 


"because a major proportion of water reaching the San Pedro River originates as overland flow to ephemeral streams that ultimately flow to the mainstem river, baseflow is limited. In other San Pedro River mainstem reaches, baseflow is supported by groundwater flow from regional and alluvial aquifers (Dickinson et al., 2010)."  What is primary water source of river?  Actually both... 





Distance to river network. 


Examples (3-43) given show dispersion of wetland types from some of the case studies in Section 5. This is a good connectivity between framework and other report sections.  This connection is not obvious here. 





Biotic Connections...needs close review by those considering this section as this is another contentious issue. 





Human Alteration.  Good to have this section in here but does it change one's perception of connectivity if humans alter the systems where connectivity is considered. 
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General





Bidirectional-Unidirectional Wetlands





I don’t particularly like terminology used to describe this distinction. This represents a departure from existing terminology, and I’m not entirely convinced that the departure is necessary or even accurate. If I understanding correctly, bidirectional wetlands are simply wetlands of all hydrogeomorphic classes in riparian and/or floodplain settings, while unidirectional wetlands are all other wetlands. I appreciate the distinction – the former have a two-way exchange of water and water-borne materials between the rivers and the wetlands and the latter have only a one-way exchange of water and water-borne materials from the wetlands to the river. However, couldn’t you just call these riparian/floodplain wetlands and non-riparian/non-floodplain wetlands? That would more explicitly explain the distinction. Furthermore, it might more accurately describe the wetlands, because bidirectional and unidirectional are indicative of hydrologic and passive hydrologically related connectivity but are wholly not indicative of active biological connectivity. I think this is a big problem – either active biological connectivity doesn’t matter, in which case bidirectional and unidirectional might be accurate and the entire active biological connectivity discussion should be removed from the report, or active biological connectivity does matter, in which case bidirectional and unidirectional don’t accurately describe the ways in which these wetlands are connected to the broader hydrological landscape.





Geographically Isolated Wetlands





I’ve never liked this terminology. I don’t know anyone else who does, either. However, I’m softening a bit, because I’m coming to grip with the strict definition – a wetland surrounded by uplands. Still, I’m pretty smart, I’ve thought about this a lot, I’m weary of the arguments, and I’m just a pinhead academic and not an on-the-ground regulator. Therefore, I’m probably not the person you should be convincing. For most people, this remains a problematic term that creates marbles-in-the-mouth moments for people trying to explain connectivity to the regulated public. Consider a depressional wetland in west-central Florida. Surface-water levels are higher than the surrounding uplands on some occasions and lower than the surrounding uplands on other occasions, leading to a switching behavior with the wetland sometimes the source of local groundwater recharge and sometimes the recipient of local groundwater discharge. It’s underlain by a leaky confining unit and the head in the underlying regional aquifer is lower, so it always serves as a source of regional groundwater recharge. Though surrounded by uplands and not on the active floodplain, it nevertheless is extremely close to a navigable-in-fact river and is therefore ruled to be adjacent and subject to jurisdiction under the CWA. In explaining this to the regulated party – likely under contentious circumstances – the regulator has to explain how this is a unidirectional wetland that performs important functions because the water flows in three dimensions (huh?) and is hydrologically connected even though it is geographically isolated (wait, what?). I get that the term has a history and is a bit entrenched. However, I still think you should use this opportunity to argue that this term needs to be replaced.





Chapter 1





P. 1-2, Figure 1-1





One of the problems with the creation of new terminology is that it’s not entirely clear how it relates to existing terminology. I know that this is a technical report, and I’ve argued in the past that it should be grounded in a scientific basis, but it should at least conveniently dovetail with existing regulatory terminology. Here, I’m wondering how this classification system corresponds to the concept of adjacency. “Bordering” and “contiguous” wetlands seem pretty easy to fit into this classification system – they would likely all be riparian/floodplain wetlands. But what about “neighboring” wetlands? A “neighboring” wetland – and, therefore, an adjacent wetland – can be outside of the riparian/floodplain zone, and can be completely surrounded by uplands, or at least that’s what we’re seeing in practice in some parts of the country, including west-central Florida. Therefore, by your terminology, a geographically isolated wetland can be an adjacent wetland. Is that your intent?





P. 1-3, l. 6—p. 1-4, l. 24, Summary of Major Conclusions





I think that you need an additional summary conclusion that represents a broader vision of how rivers and wetlands collectively fit into the hydrologic landscape. I think that this needs to be either first or last; regardless, it needs to send a strong message that rivers and wetlands cannot be accurately considered as independent features separate from the broader hydrologic landscape, and instead must be more accurately considered integrated elements of a broader hydrologic unit that we commonly call a watershed. Functional connectivity can then be seen as the norm, with functional isolation being the exception to the norm. This need not imply a significant nexus – only the opportunity for a significant nexus.





P. 1-6, l. 24—p. 1-13, l. 2, Discussion of Major Conclusions





See immediately above (i.e., P. 1-3, l. 6—p. 1-4, l. 24, Summary of Major Conclusions). Also, it’s a bit early in the current format because you haven’t yet introduced it, but it might be useful to tie your individual key findings to your conceptual model of functions being source, sink, refuge, transformation, and lag. For example, Section 1.4.1., Key Finding b.: “Headwaters convey water into local storage compartments…” is an example of a lag function. It’s not a direct and easy fit – some key findings span multiple functions and some fit only awkwardly at all. Still, it might usefully tie your key findings into a conceptual model that otherwise hangs out there on its own a bit.





P. 1-14, l. 20-36





Nowhere in the report do you discuss the partial source area concept, where the headwater contributing areas contract and expand with recent conditions. Here is an example of where it might be appropriate – there are many others throughout the report—because vernal pools are excellent examples of this phenomenon, being dry and surface-water disconnected during the dry season but inundated and surface-water connected during the wet season. In other words, the source area expands during the wet season, with the vernal pools and swales serving as the headward extent of the source area at that time. This idea is central to watershed hydrology, going all the way back to the famous and well-cited paper by Dunne and Black (1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.] This expansion of the source area makes these areas, which might otherwise be considered geographically isolated, ephemerally or intermittently parts of what you elsewhere call the river network (i.e., “a hierarchical, interconnected population of channels that drains surface and subsurface water…from a drainage basin to a river and includes the river itself”). You do make the case for functional connectivity for these types of unidirectional wetlands – but that case can be strengthened by linking it to this foundational concept in watershed hydrology.





Chapter 2





NA





Chapter 3





P. 3-1, l. 1—p. 3-52, l. 15, Effects of Streams and Wetlands on Downstream Waters: A Conceptual Framework





This entire chapter is filled with excellent detail. Though I have some suggestions to improve the technical accuracy and breadth of the details, these existing details nevertheless can be part of an excellent chapter outlining the conceptual framework under which the remaining chapters can be presented and understood. However, the chapter lacks what it centrally promises – a conceptual framework. Lacking a unifying theme, the details are hard to categorize and I found myself forgetting what I had read and not able to anticipate what I was going to read next. Consider the analogy of building a house. One first lays a foundation and then builds a frame. Thereafter, the details are added. I feel like this chapter lacks that foundation and frame, so the details – e.g., the siding, the sheetrock, the paint – cannot be hung on that frame and therefore remain in neatly organized but separate piles.





The good news is that I think that the conceptual framework can simply be added on the front end, and the details for the most part will easily link back to that framework with very little additional effort. (Though some effort will be required.) You currently start with the river itself, which forces the reader to also focus on the river system for the remainder of the discussion. After a few pages, you briefly mention drainage basins, but really only in passing. Thereafter, you try to show how wetlands might be connected to that river system, but lack the explicit conceptual framework that would allow you to easily do so. I suggest that you reorganize, beginning with a very clear discussion watersheds, noting that watersheds are integrated hydrological landscapes through which water and water-borne materials move from ridges to outlets through surface-water and groundwater flowpaths, and also noting that uplands, unidirectional wetlands, and rivers and their associated bidirectional wetlands are all integrated components of watersheds and watershed flowpaths. You might do this best by discussing the watershed water budget:











where P is precipitation, ET is evapotranspiration, SW is the change in surface-water flow (i.e., surface-water inflow – surface-water outflow), GW is the change in groundwater flow (i.e., groundwater inflow – groundwater outflow), and S is the change in storage. Doing this might help the reader focus on the surface-water and groundwater flows that connect the watershed from the ridge to the outlet, and therefore better understand the roles that all parts of the watershed might play in maintaining the chemical, physical, and biological integrity of downstream waters. After all, most people inherently understand that the chemical, physical, and biological integrity of the mainstem river would be diminished even if we protected every single wetland and river but paved over every single upland.





Once that broader conceptual framework is established – i.e., that the chemical, physical, and biological integrity of any river is a function of the chemical, physical, and biological integrity of that river’s watershed, and that wetlands and rivers are all part of that watershed – then it will be easier to connect all of the specific details already in this chapter about the role that connectivity plays in maintaining the overall chemical, physical, and biological integrity of the downstream, navigable-in-fact waters. It will also be easier to discuss the differences between hydrological connectivity and biological connectivity, with the latter in some circumstances being over large enough spatial scales to link watersheds.





You might also take the time here to discuss some important ecological concepts that are currently missing from the overall discussion, with an emphasis on how connectivity relates to these ecological concepts. There are large bodies of literature on, for example, subsidies and resilience that fit directly into the connectivity framework. You currently have five references with subsidies in the title and one reference with resilience in the title, though more of your references explicitly or implicitly discuss these foundational ecological concepts. Including a discussion of these – and perhaps others – will better enable you to connect your details to these foundational ecological concepts and a broader vision of how proper ecosystem functioning is at least partly a function of proper ecosystem connectivity.





P. 3-6, Figure 3-3





The dark shaded deposits probably should be defined. Also, there is an error. In A, I’d make the dark hillsides bedrock, then I’d make a small alluvial deposit around and underlying the stream. In B, the error is that the terrace is not on alluvium – there certainly are terraces not on alluvium or perhaps on alluvium from a different source than the river, but commonly terraces are formed on older alluvium from the same river. Therefore, in B, I’d make the dark bedrock, and I’d have it remain the same on the right but remain at the same depth as the bottom of the channel and exit the figure at that depth on the left, then I’d extend the alluvium and have it exit the figure at that same thickness on the left.





P. 3-10, l. 3





Change “is” to “are”.





P. 3, l. 5-7





These also can be called perching layers, an important distinction here because perching often supports shallow groundwater in environments where the regional groundwater is otherwise well below the surface.





P. 3-10, l. 8-10





I suggest you rewrite everything following the colon: “water can flow in small, interconnected voids in sediments (i.e., porous-media flow), in small, interconnected fractures in a low-permeability bedrock matrix (i.e., fracture-flow), or in large, interconnected voids in in a low-permeability carbonate rock matrix (i.e., karst flow).”





P. 3-10, l. 10-13





Water flows down a gradient in hydraulic head, where hydraulic head is the sum of the pressure head (which you mention) and elevation head (which you don’t mention). Therefore, this sentence is incorrect in only talking about hydraulic pressure.





P. 3-10, l. 14-27





There is one key difference that you fail to mention. Unconfined aquifers have a water table that is free to rise and fall. This results in variably saturated conditions over the range of the water-table variation and a variable thickness of the unconfined aquifer. Perched aquifers are a special case of unconfined aquifers, being unconfined aquifers underlain by a perching layer and having an unsaturated zone between the bottom of the perching layer and a deeper aquifer. Confined aquifers are overlain by a confining unit and do not have a water table free to rise and fall, instead having a potentiometric surface that represents the level to which water would rise above the confining unit if the confining unit were not present. This results in permanently saturated conditions and a constant thickness of the confined aquifer.





P. 3-11, l. 1-2





Why limit the discussion to unconfined aquifers? Both unconfined and confined aquifers interact with the surface environment, though in different ways. Unconfined aquifers interact with the surface wherever the water table is expressed at the surface, which might be expressed in topographic lows (e.g., where the water table might be expressed as surface-water stage in a depressional wetland) or on slopes (e.g., where a perched aquifer might outcrop and water might discharge along seeps, forming the headwater extent of slope wetlands). Confined aquifers can also interact with the surface if the confining unit is breached, which might be expressed in springs (e.g., where water flows upward through the breach and is expressed as focused flow out of the subsurface) or also on slopes (e.g., where a confined aquifer might outcrop and water might discharge along seeps, forming the headwater extent of slope wetlands).





P. 3-11, l. 13-15





Change these two sentences to begin with (1) “A groundwater recharge area…” and (2) “A groundwater discharge area…”.





P. 3-12, l. 2-4





Stream reaches can also change from losing to gaining over time.





P. 3-12, l. 23-24





Not all deep, regional flow systems discharge to the surface. Therefore, add “may”  between “systems” and “also”.





P. 3-12, l. 32-36; P. 3-13, Figure 3-6





I suggest that you rewrite this paragraph and figure to be a full and correct description of hillslope hydrology. There are four pathways that water can take from the hillslope to a receiving water body: infiltration-excess overland flow, saturated overland flow, interflow, and saturated groundwater flow. These are individually described below. Also, return flow is used almost exclusively to refer to water that is taken from a river, used in irrigation, and then returned to the river after it has infiltrated and flowed back to the river.





Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, so excess rainfall runs overland even though the water table is still below the ground surface. This is also known as Horton overland flow because it was first described in the literature by RE Horton. [Horton, RE. 1945. Erosional development of streams and their drainage basins; Hydrophysical approach to quantitative morphology. Geological Society of America Bulletin 56:275–370.]





Saturated Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by T Dunne. [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.]





Interflow: This is rapid lateral flow in the unsaturated zone. It commonly occurs because there are interconnected macropores above a low-permeability layer, so infiltrating rainfall is intercepted and channeled into the interconnected macropores where it flows in what is essentially a subsurface pipe.





Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall makes it to the water table and then flows laterally along with the general flow in that aquifer.





This entire discussion should emphasize that these are important flowpaths that can connect uplands, unidirectional wetlands, and rivers and their associated bidirectional wetlands. If I were writing this section, I might include it, at least briefly, as part of the earlier presentation of watershed connectivity at the beginning of the chapter. See my comment above (i.e., Pp. 3-1—3-52, Effects of Streams and Wetlands on Downstream Waters: A Conceptual Framework). This could be a convenient way to discuss how water enters channels and be immediately followed by a simple discussion of how channel networks route channel flow through watershed and to the outlet, with that water interacting laterally with riparian/floodplain wetlands along the way.





P. 3-14, l. 12-13





You might consider sticking with the terminology you use for flows, i.e., ephemeral, intermittent, and perennial.





P. 3-14, l. 20-21 and 33-35





If you’re going to use “intermediate” in the first sentence, you also should use it in the second sentence.





P. 3-16, l. 8-11





You might consider sticking with the terminology you use for flows, i.e., ephemeral, intermittent, and perennial.





P. 3-18, Figure 3-9





Figures 3-9B and 3-9C are from Nadeau and Rains (2007b). These are identical to those figures, even down to the ranges in the legends. Therefore, Nadeau and Rains (2007b) should be cited as the source.





P. 3-22, l. 15-17





This is a poorly worded sentence. This also, by the way, is the saturated overland flow I previously described. See my comment above (i.e., P. 3-12, l. 32-36; P. 3-13, Figure 3-6).





P. 3-23, l. 1-2





At the very least, this needs to be described differently. Elevation is height above some datum. Commonly, we use elevation relative to a datum of sea level, so this sentence sounds like it is about a difference between high-mountain and lowland streams. Here, you’re using elevation relative to something local – perhaps the stream bed, I suppose. Regardless, that datum is not standardized nor is it even locally clear. However, I think the sentence is only partly true, even if you clarify your datum. Flood storage is a complex function of the recurrence intervals of flows that access different parts of the floodplain; the available depressional storage on the floodplain, which has lateral and vertical dimensions, the roughness of the floodplain, and many other factors.





P. 3-23, l. 6





Change Bencala (2011) to Bencala et al. (2011). You might want to search elsewhere in the document to see if this mistake occurs elsewhere.





P. 3-27, l. 28





It’s not just the frequency of an input – it’s the frequency of an input relative to the frequency of all inputs. Rivers in the arid southwest US, for example, might receive most of their water and water-borne materials from infrequent ephemeral flows following monsoonal rainfalls. [Izbicki, JA. 2007. Physical and temporal isolation of headwater streams in the western Mojave Desert, Southern California. Journal of the American Water Resources Association 43:26—40.]





P. 3-28, l. 3-15





I don’t see the difference between the definitions of connectivity presented here. I think you’re trying to say that your idea of connectivity doesn’t require flow or exchange; rather, can be something like a simple driving force. For example, water need not flow from a wetland to a stream; rather, the fact that the wetland supports a higher water table which creates a hydraulic gradient that is expressed as groundwater discharge to the stream is sufficient to demonstrate connectivity. Am I correct? If so, this doesn’t come through in this paragraph, in which your definition of connectivity still sounds like there has to be flow or exchange. 





P. 3-29, l. 29-32





I think the process to which you’re referring is that DOC is converted to FPOM by bacteria. [Kerner, M, Hohenberg, H, Ertl, S, Reckermann, M, and Spitzy, A. 2003. Self-organization of dissolved organic matter to micelle-like microparticles in river water. Nature 422:150—154.]





P. 3-32, l. 13-14





You might consider sticking with the terminology you use for flows, i.e., ephemeral, intermittent, and perennial.





P. 3-33, l. 19—p. 3-41, l. 3, Climate-Watershed Characteristics





I suggest you use the Hydrologic-Landscape Region (HLR) concept introduced by Wolock et al. (2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This could be a key organizational concept around which you can build this entire discussion. When you do so, you’ll still lead with climate but will thereafter follow with geology and relief rather than the more generic and vague term of watershed characteristics. [Note that this would affect numerous sections in the report.] You already do this at times (e.g., p. 3-33, l. 20-21), so this doesn’t really represent a change in your logic. Rather, it just gives you an organizational concept around which to build the entire discussion.





P. 3-33, l. 23-25





You focus only on climate in this sentence. However, geology and relief play equally important roles.





P. 3-34, Figure 3-15





Is this normalized runoff, i.e., discharge/watershed area? It must be, but it’s not clear from the axis titles or the caption. Also, this fits right in with the HLR concept introduced by Wolock et al. (2004) – note, for example, that the runoff patterns are explicitly attributed to climate, geology, and relief in the caption. Last, this also fits in with the Natural Flow Regime concept introduced by Poff et al. (1997). See below (i.e.,  P. 3-40, l. 30—3-41, l. 3).





P. 35, l. 5-13





You only describe one of two overland flow mechanisms here, i.e., infiltration-excess overland flow. As previously noted, there also is saturated overland flow. See my comment above (i.e., P. 3-12, l. 32-36; P. 3-13, Figure 3-6).





P. 3-37, Figure 3-17; p. 3-38, l. 20-30





I suggest that this figure and the text that refers to this figure be rewritten in terms of a full and correct description of hillslope hydrology. See my comment above (i.e., P. 3-12, l. 32-36; P. 3-13, Figure 3-6). Also, replace “impermeable” with “low permeability”, as it makes no sense for there to be any flow at all in an impermeable layer.





P. 3-38, l. 16-18





This is true only under a given hydraulic gradient. Therefore, this sentence might more correctly be written if it ended with “…under a given hydraulic gradient.”





P. 3-40, l. 30—3-41, l. 3





This seems a good time to discuss the Natural Flow Regime concept (Poff et al., 1997) in the context of the HLR Concept (Wolock et al., 2004). See my comment above (i.e., P. 3-34, Figure 3-15). Flows can be characterized by frequency, magnitude, timing, duration, and rate of change, and these characteristics are naturally functions of climate, geology, and relief. The hypothesized importance is that biota are typically adapted to the Natural Flow Regime, so deviations to the Natural Flow Regime due to climatic and/or anthropogenic changes might be expected to create flow regimes no longer conducive to the life history strategies of native biota. [Poff, NL, Allan, JD, Bain, MB, Karr, JR, Prestegaard, KL, Richter, BD, Sparks, RE, and Stromberg, JC. 1997. The natural flow regime. BioScience 47:769—784.]





P. 3-42, l. 16-18





Why would this be true? It seems to me that one can’t generalize about the relative roles of these kinds of wetlands. As you have no substantiating reference, I suggest that this be omitted.





P. 3-42, l. 20-23





This is an oversimplification that is only true if all other things are equal. Distance is only one factor – so, too, are leakiness (i.e., due to ET or infiltration), driving force (e.g., surface slope in the case of surface-water flows and hydraulic gradient in the case of groundwater flows), and roughness/conductance (e.g., surface roughness like that expressed by Manning’s n in the case of surface-water flows and subsurface conductance like that expressed in permeability or hydraulic conductivity in the case of groundwater flows).





P. 3-42, l. 27—p. 3-43, l. 2





As previously discussed, elevation is probably not the correct way to describe flooding. See my comment above (i.e., P. 3-23, l. 1-2). Also, this isn’t really how floodplains flood. Instead, floodplain flooding is a complex process during which microtopographic lows, especially abandoned channel features, flood both from rising water tables and from point-source flows from the channel. This is all described extremely well by Tockner et al. (2000), which is already in your references.





P. 3-43, l. 5-7





Again, this is an oversimplification that is only true if all other things are equal. See my comment above (i.e., P. 3-42, l. 20-23). A similar argument could be made here regarding how propagules or organisms move across a landscape.





Chapter 4





P. 4-4, l. 19-21





Discharge is a rate by definition, so “rate of discharge” is redundant. Therefore, change “rate of discharge” to “discharge”.





P. 4-10, l. 13-16





Why does the transport distance associated with these floods matter at all? Sediment transport is always a batch process, with high flows moving sediment downstream, where it is deposited in short-term storage zones awaiting a subsequent high flow. This is happening all along a river network, with the sediment stored closest to the outlet providing the sediment discharged from the watershed but also being replenished from reaches just upstream.





P. 4-12, l. 3-5





Debris flows are mechanisms by which headwaters export large woody debris and sediment in large batches, with these large batches often playing important roles in creating the characteristic geomorphology and habitat quality on receiving rivers. [Montgomery, DM, Massong, TM, and Hawlet, SCS. 2003. Influences of debris flows and log jams on the locations of pools and alluvial channel reaches, Oregon Coast Range. Geological Society of America Bulletin 115:78—88.]





P. 4-13, l. 29—p. 4-14, l. 13





Groundwater discharge controls stream temperatures proximal to the location of the groundwater discharge. However, once in the channel, the groundwater quickly equilibrates with the air temperatures that it was buffered from when it was in the subsurface, and therefore quickly trends toward ambient surface-water temperatures in the absence of additional groundwater discharge. A study showing this is currently in review – and has been since August 2013 – but should be published by the time this report is finalized and ready to go to copy editing. [Callahan, MK, Rains, MC, Bellino, JC, Walker, CM, Baird, SJ, King, RS, and Whigham, DF. In Review. Trends and controls on surface water temperatures in headwater streams in two common geomorphic settings, Kenai Peninsula, Alaska. Journal of the American Water Resources Association.] 





P. 4-24, l. 2-15





This is an acceptable back-of-the-envelope calculation, but it assumes that all allochthonous C is input to headwater streams which certainly isn’t true – think about all of the allochthonous C input to the mainstem river during overbank flows, for example. Therefore, this assumption needs to be clearly stated and the results need to be clearly hedged.





P. 4-24, l. 6-7





This isn’t a sentence. 





P. 4-29, l. 8—p. 4-35, l. 22





What about vegetation? I know that you deal with it below in bidirectional wetlands, but it seems hard to ignore it here, since seeds and propagules are commonly transported by streamflows and able to establish and persist only under certain streamflow combinations. There is a great deal of literature on the establishment and persistence of riparian colonizers, e.g., cottonwood and willow, including a Special Issue in Wetlands in 1998. In general, seeds or propagules of these riparian colonizers move downstream during high flows, coming to rest on surfaces that have been scoured or buried with sediment. These seeds and propagules can establish if they have access to shallow groundwater in that first year, which commonly requires that river stages not fall too quickly or too far below the ground surface. These seedlings can then persist if these same areas aren’t scoured or buried with sediment by high flows in the immediately following years. I suppose that one could argue that his is largely happening in the adjacent bidirectional wetlands – but that certainly isn’t always the case (i.e., not all riparian colonization is in wetlands) and the broader effects are commonly on the channels themselves (e.g., changing local-scale hydraulics, which changes local-scale sediment transport and deposition and habitat quality). Doesn’t this need to be addressed here? [Fetherston, KL, Naiman, RJ, and Bilby, RE. 1995. Large woody debris, physical processes, and riparian forest development in montane river networks of the Pacific Northwest. Geomorphology 13:133—144. AND Hupp, CR, and Osterkamp, WR. 1996. Riparian vegetation and fluvial geomorphic processes. Geomorphology 14:277—295. AND Scott, ML, Auble, GT, and Friedman, JM. 1997. Flood dependence of cottonwood establishment along the Missouri River, Montana, USA. Ecological Applications 7:677—690. AND Auble, GT, and Scott, ML. 1998. Fluvial disturbance patches and cottonwood recruitment along the upper Missouri River, Montana. Wetlands 18:546—556. AND Mahoney, JM, and Rood, SB. 1998. Streamflow requirements for cottonwood seedling recruitment—An integrative model. Wetlands 18:634—645. AND Kemp, JL, Harper. DM, and Crosa, GA. 2000. The habitat-scale ecohydraulics of rivers. Ecological Engineering 16:17—29. AND Gurnell, A, and Petts, G. 2006. Trees as riparian engineers: The Tagliamento River, Italy. Earth Surface Processes and Landforms 31:1558—1574.]





P. 4-36, l. 5-7





Another way that losing streams might contribute to downstream waters is that water lost by groundwater recharge on upstream reaches might be gained by groundwater discharge on downstream reaches. This is particularly common in karst environments, with the Santa Fe River, Florida, being a good example. There, streamflow is lost by groundwater recharge to the Floridan aquifer but soon thereafter gained by groundwater discharge from the Floridan aquifer, with as much as 62% of discharge from Devil’s Ear Spring being from returning streamflow. [Kincaid, TR. 1998. River water intrusion to the unconfined Floridan aquifer. Environmental and Engineering Geoscience IV:361—374.]





Chapter 5





P. 5-1, l. 12-15





As previously noted, floodplain flooding is a complex process during which microtopographic lows, especially abandoned channel features, flood both from rising water tables and from point-source flows from the channel. This is all described extremely well by Tockner et al. (2000), which is already in your references. One thing that seems clear is that the effect of floods on the floodplain is not a strict function of distance from the main channel.





P. 5-4—p. 5-5, Figure 5.1





This should be moved to the end of the section on bidirectional wetlands to mirror the format of the sections on rivers and unidirectional wetlands.





P. 5-7, L. 7-15





Streamflow reductions due to ET losses from riparian wetlands was also shown by Hammersmark et al. (2008), which is already in your references.





P. 5-7, l. 18-19





This sentence doesn’t make sense. 





P. 5-8, l. 4-6





Sediments move by suspension in the water column and by sliding, rolling, and saltating on the bed. Therefore, replace “in the water column in suspension” with  “in motion”.





P. 5-8, l. 12-14





A particularly good reference for the effects of roots on streambank erosion is Smith (1976), with the roots in the study being hydrophytic grasses and sedges. [Smith, DG. 1976. Effect of vegetation on lateral migration of anastamosed channels of a glacier meltwater river. Geological Society of America Bulletin 87:857—860.]





P. 5-10, l. 32-34





The classic paper – cited ~1500 times – that describes the role of riparian wetlands in removing nutrients from inflowing waters is Peterjohn and Correll (1984), which is already in your references.





P. 5-11, l. 17-18





DIN concentrations in streams is correlated with alder cover in the watershed in the Kenai Lowlands, Alaska. [Shaftel, RS, King, RS, and Back, JA. 2012. Alder cover drives nitrogen availability in Kenai Lowland headwater streams, Alaska. Biogeochemistry 107:135—148.]








P. 5-18, l. 33-34





What effect can beaver have on fish species? The sentence doesn’t say. If I recall the paper that is referenced correctly, beaver dams can help create slack-water habitats that increase coho salmon production.





P. 5-21, l. 5—p. 4-42, l. 4





This is your most difficult section, because you are making the case that these all exist on a continuum of connectivity and isolation, and that both might matter to the chemical, physical, and biological integrity of downgradient, navigable-in-fact waters. I think you could probably benefit from laying out this vision in a clear conceptual model up front, rather than diving straight into the details. As it is, you relate unidirectional wetlands to commonly known hydrogeomorphic classes, then launch right into the details under a section titled Surface Water Connections, and later begin to weave in that isolation might also matter. This creates a winding and confusing argument.





P. 5-21, l. 7-28





I like this section in which you relate unidirectional wetlands to hydrogeomorphic classification. It certainly helps with the confusion created by developing new terminology. Could you do the same for bidirectional wetlands? Or should you perhaps do this for both in the Introduction at the beginning of the chapter (p. 5-2, l. 24—p. 5-3, l. 14)?





P. 5-22, l. 12-14





Relace “transient” with “intermittent”.





P. 5-23, l. 22-33





Groundwater flow through conditions have also been identified in vernal pools on hardpan soils by Rains et al. (2006), which is already in your references.





P. 5-24, l. 2-5





This also has been more recently described for cypress domes in Florida. [McLaughlin, DL, and Coen, MJ. 2013. Realizing ecosystem services: wetland hydrologic function along a gradient of ecosystem condition. Ecological Applications 23:1619–1631.]





P. 5-24, l. 18-20





This is an oversimplification that could lead to erroneous assumptions, that can be easily corrected with another sentence or part of a sentence coupled with a reference. There are commonly fast flowpaths that develop in macropores in otherwise fine-grained, low-permeability deposits. This creates a dual permeability system – a low-permeability matrix that does, indeed, behave as you say, and high-permeability fast flowpath system that allows extremely rapid transport, perhaps even more rapid than in some coarse-grained, high-permeability deposits. This has been shown to link uplands and wetlands at the local and landscape scale on clay-rich, mine spoils deposits in the phosphate mining district, Florida. [Murphy, KE, Rains, MC, Kittridge, MG, Stewart, M, and Ross, MA. 2008. Hydrological connectivity between clay settling areas and surrounding hydrological landscapes in the phosphate mining district, peninsular Florida, USA. Journal of the American Water Resources Association 44:980–995.]





P. 5-28, l. 2-3





Aren’t “hydrologic” and “physical” the same thing? If so, then one should be dropped.





P. 5-28, l. 13-28





This discussion on unidirectional wetlands as sources for downstream waters starts here with a discussion of how their exports can include methylmercury, to the detriment of the receiving waters. This seems an odd way to start this discussion. I suggest you start with some known beneficial effects of these exports, e.g., DOC (p. 5-28, l. 31—p. 5-29, l. 24). Thereafter, you can link to the potential negative effects, e.g., methylmercury, especially inasmuch as methylmercury can adsorb to DOC. 





P. 5-31, l. 33—p. 5-32, l. 2





Do you really mean “geographically isolated wetlands” or do you instead mean “unidirectional wetlands”?  I think you mean the latter, even though you say the former. Especially with all of this new – and, as I’ve previously argued, confusing – terminology, you need to be careful not to interchange terms that aren’t really interchangeable.





P. 5-37, l. 20-21





I think this is one of the key areas where there remains confusion about the new terminology. Here, you say that “Unidirectional wetlands consist of depressional, slope, and flats wetlands that lack surface water inlets.” As examples, you list vernal pools, among others. But most vernal pools do have surface water inlets and outlets. Commonly, only the headwardmost vernal pool in a vernal pool complex lacks an inlet – all other vernal pools have both inlets and outlets, commonly leading to intermittent headwater streams. By your logic, at least as expressed here, only the headwardmost vernal pool would be unidirectional – all other vernal pools would be bidirectional, basically serving as wetlands embedded in a headwater setting with focused flows in swales spreading out into vernal pools in a steady flow down the river network. Again, as I said in my general comments, this wouldn’t be a problem if we used older established terminology, like riparian/floodplain wetlands and all other non-riparian/non-floodplain wetlands.





P. 5-37, l. 31-34





This case was explicitly made by Nadeau and Rains (2007b), which is already in your references.





P. 5-66, l. 36—p. 5-67, l. 4





Toward the end of this sentence, on p. 5-67, l. 3, replace “without” with “with”.





P. 5-67, l. 29-31





This sentence only covers southern California and northern Baja. However, vernal pools are known to occur throughout central and northern California and southern Oregon, probably occurring in the highest density and overall coverage in central and northern California. [Holland, RF. 1998. Central Valley vernal pool distribution, photorevised 1996. Pp. 71-75 In CW Witham, ET Bauder, D Belk, WR Ferren, Jr., and R Ornduf (eds), Ecology, Conservation, and Management of Vernal Pool Ecosystems, California Native Plant Society, Sacramento, California.]





P. 5-70, l. 9-11





I don’t really understand this sentence.





P. 5-70, l. 13—p. 5-71, l. 17





Rains et al. (2006), which is already in your references, also looked at N, P, and DOC dynamics, showing that water flowing into vernal pools is relatively high in N and P and relatively low in DOC, while water flowing out of vernal pools is relatively low in N and P and relatively high in DOC. In this specific case, the effects weren’t measurable well downgradient at the intermittent stream, but they hypothesized that this was because vernal pools were a small part of this particular sub-basin and that the effect would be more apparent in vernal pool sub-basins in which vernal pools were more prevalent.





Chapter 6





P. 6-7, l. 1-16





[bookmark: _GoBack]It seems like you have made a pretty strong case for unidirectional wetlands being important, either through connectivity or isolation. Therefore, it seems a bit weak to end by saying that you can’t generalize and that assessing on a case-by-case basis is technically challenging. It would seem more appropriate if you instead referenced the strong case you’ve made, and suggest that we should assume that unidirectional wetlands are important if we want to err on the side of caution.





Chapter 7





P. 7-9, l. 16-17





I only spot checked the references. While doing so, I searched on my name to at least make sure that all of my references were correct. In doing so, I found “Rains” in this reference. It doesn’t belong and should be removed.
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Rodewald Comments





Overall Clarity and Technical Accuracy of the Draft Report 





1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. 





The authors of the report should be commended for conducting such a thorough and well-written scientific review.   Clearly, a tremendous amount of effort has been invested in preparing the report.   Although the breadth of the report sufficiently covers the topic, there could be additional depth in terms of the level of detail.  In particular, the report would be more useful if it were to quantify, whenever possible, the degree of connectivity, the nature and magnitude of impacts on downstream waters, and the spatial and temporal scales at which connectivity manifests.  Throughout the report, connectivity was often treated as a binary property – there was or was not connectivity.  Establishing only the presence of connectivity without describing the magnitude or effect of that connectivity on downstream waters makes the report less useful and informative than it would otherwise be.  Likewise, the authors would frequently refer to a “significant” or “strong” connection or impact without better qualifying or quantifying what that actually meant.  For example, page 1-6, line 27 states that streams have a “strong influence on the character and functioning of downstream waters”.  Can more detail be added to statements such as these (e.g., effect sizes)?  Information about the strength of evidence would also be helpful; e.g., 23 of 28 reviewed studies…”.   Additional information on the spatial and temporal scales and scopes of the studies reviewed would provide important context for findings.  A better description of how the weight of evidence approach was applied would be helpful.





A greater amount of synthesis would provide stronger support than the sequential listing of findings of various studies or reporting of select examples.  For instance, one could summarize the findings of multiple studies in sentences like the following:  “In the eastern US, headwater streams provide 40-60% (mean +/- SE, n = x studies) of water volume to navigable waters.”  There also were several places where specific numbers were used without any point of reference, leaving the reader uncertain how important the finding was (e.g., on 5-11 and 5-12, is 45 kg of N per ha and year a lot or a little?). 





Two fundamental principles that are key to evaluating the connectivity of geographically isolated wetlands are (1) the importance of examining ecological processes, connectivity, and impacts at the watershed scale (2) the need to consider wetlands in aggregate.  These principles could be better supported in the text and better highlighted in the conclusions.  For example, what is the rationale for considering the watershed to be the most appropriate ecological unit for analysis?





What constitutes connectivity and distinguishes a connected from isolated water needs additional clarity.  Connectivity was defined as “the degree to which components of a system are joined, or connected, by various transport mechanisms” and something that is “determined by the characteristics of both the physical landscape and the biota of the specific system”.  In some places the report seems to consider connectivity from a hydrologic perspective alone. If the biota is also considered to play an important role in connectivity, then greater emphasis should be placed upon food webs and the needs of animals across the life cycle (i.e., breeding and non-breeding habitats).  For example, birds and mammals can affect plant and animal communities of navigable waters by virtue of their transport of seeds and spores, vegetation, and invertebrates.    Likewise, certain species that comprise part of the biological community of navigable waters may depend upon intermittent streams, floodplains, or geographically isolated wetlands during parts of their life cycle.  Examples include salmon and trout that rely upon headwater streams for spawning, and waterfowl that breed in prairie potholes.  





Were all studies examining connectivity included, or were only those that found evidence of connectivity used in the report?  The latter is suggested by the description on page 2-1 “Approach”, but it should be explicitly stated.  If studies finding no evidence of connectivity were excluded, then the conclusions are subject to bias.  Including the proportion of studies reporting specific results of interest would be very helpful in drawing conclusions from the report.  Also, what was considered peer-reviewed literature?  It appears that several government reports and conference proceedings were included as well.  In addition, the literature review should be updated with recent references (i.e., late 2012 and 2013).





Depending upon how extensively the report is expected to be used by decision-makers and as a reference to support the regulatory process, the authors might consider organizing the material differently.  As written, the volume of material made it easy for important points to get buried in the text.  An alternative organization might be to state the main conclusion/finding as section headings (e.g., “Headwater streams have strong impacts on downstream waters”) and then have key supporting lines of evidence elaborated below (perhaps even in bullet form).  On a similar note, the case studies would be more effective if they were framed to address explicit questions, rather than relatively dense and descriptive accounts of different systems.





Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and Function 





2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





This was a comprehensive and nicely written overview.








Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 





3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





Is it appropriate to jointly consider ephemeral and intermittent waters, especially in the arid Southwest?





Is specific discussion of ditches used for agriculture and in road construction warranted?





The connectivity of headwaters and small tributaries to fish communities in downstream waters could be better emphasized.  For many fishes (including economically important ones like trout and salmon), the headwaters provide the cold-water habitat required for spawning as well as refuge from disturbance.  





p. 4-68 and 4-69, the text focuses on adaptations of insects to flow regime, but the link to connectivity is unclear.








3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





Supported, but it could use additional detail.  The synthesis section about streams (p 4-35, line 25) states that “a substantial body of evidence unequivocally demonstrates connectivity…”.  Can this be quantified (e.g., >80% of studies reviewed).  











Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes 





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes.





4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported. 





Supported but could be better quantified or more specifically described.








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 








5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 





Two fundamental principles that are key to evaluating the connectivity of geographically isolated wetlands are (1) the importance of watershed level processes and impacts and (2) the need to consider the effect of wetlands in aggregate.  These principles could be better explained in the text.





Some of the language implies that unidirectional wetlands are less connected than bidirectional wetlands, but that is not necessarily the case.





When evaluating the biological integrity of navigable waters, it is critical to consider the full life cycle of migratory species.  Many animals will use navigable waters during one period of the life cycle and then depend upon geographically isolated wetlands during another – even outside of the actual migratory period (ie., not when migrating proper).  If the critical wetland habitats were lost, then the biological integrity of the navigable waters would be diminished.  Waterfowl provide a powerful demonstration of the importance of geographically isolated wetlands to the biological integrity of downstream navigable waters.  Migratory birds are part of the biological communities of navigable waters during specific times of their life cycle (e.g., nearly the entire population of Redheads winter in navigable waters of Texas).  Because many of these same species are dependent upon prairie potholes for breeding habitat, loss of pothole wetlands would result in the loss of certain waterfowl from the navigable waters.  Similar examples exist for amphibians and fish.





Do arctic systems (e.g., permafrost wetlands in Alaska) need separate discussion given their unique attributes?





P. 5-32, lines 14-16:  the authors interpret a pattern whereby closer wetlands have more similar plant communities than more widely separated wetlands as evidence of connectivity.  However, the pattern might also result from similar microclimates, soils, or other environmental attributes.





Table 5-3 lacks the references to particular sections of the report that were included in other tables.





p. 5-60, lines 30-34:  the information about waterfowl and other taxa using prairie potholes has not been conceptually linked in the text.  The link should be made explicit.





p. 6-2, line 15 specifies hydrologic connectivity, but the definition used in the report indicates that connectivity can arise from physical or biotic mechanisms.











5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





The language used in the conclusions seemed weak relative to the amount of discussion and number of studies described that demonstrated connectivity.





The conclusions about unidirectional, geographically isolated wetlands seem to emphasize connectivity from a hydrologic perspective, rather than a biological one and also in terms of functional connectivity.  For example, capture and storage of nutrients, sediments, and contaminants in hydrologically-isolated wetlands would affect the functioning of the downstream waters.





Ecologists have long recognized the importance of a systems approach to science and management.  Although some geographically isolated wetlands may not be amenable to generalization, there are certain ecosystems comprised of geographically isolated wetlands where the degree of connectivity can be generalized.  Prairie pothole and playa lake ecosystems are examples of systems where the wetlands should be considered in aggregate as components of a larger functional ecosystem tha timpacts navigable waters. 





Rodewald comments 									Page 191





[bookmark: _Toc374538484]Dr. Emma Rosi-Marshall





Initial Response to Charge Questions
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Charge Question 1. Overall impressions of the clarity and technical accuracy of EPA’s draft Report. 





Overall this report provides substantial review of the current scientific literature and documents the links between headwater and wetland systems to downstream waters.  The report is technically accurate and is well organized.  The “Key Findings” of the report are supported by available science and are credible.  The characterization the headwater and wetland systems are connected to downstream waters via hydrological, chemical and biological connections is well grounded in the scientific understanding of these systems.  The draft report provides a literature review and case studies to describe scientific findings that demonstrate these connections. 





Charge Question 2. Comments on the clarity, technical accuracy, and usefulness of the conceptual framework describing the hydrologic elements of a watershed and the physical, chemical, and biological connections linking these elements.





The conceptual framework presented in the document describes the connectivity of waters via hydrological, chemical, and biological connections.  This framework is appropriate and based on the current scientific understanding of the numerous connections among these ecosystems.  It is scientifically valid to describe multiple facets that connect these ecosystems and the report appropriately reviews studies that demonstrate the hydrological, chemical and biological connections that occur.  


 


The presentation of river ecosystem components and the definitions provided are well grounded in the current science. The figures to illustrate these connections are effective and are based on current understanding of these systems. 





There is more available literature on some of these connections than was cited in Table 3-1.  This table provides examples of the functions by which streams and wetlands influence material flux to downstream waters.  The functions described in column 1 are appropriate, but the examples provided in Column 3 could be greatly expanded with literature cited later in the report or additional review of the literature. 





The text of the report appropriately emphasizes that time and space should be considered; however, the section on Spatial and Temporal variability of connectivity would benefit from some additional clarification.  It would be very useful to provide additional review of the scientific literature to clarify how/whether the extent to which these systems are connected in space and time to downstream waters influences their connectivity overall. 





Charge Question 3(a). Comments on EPA’s review and characterization of the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-though wetlands). 





Chapter 4 of the USEPA Connectivity report discusses the hydrological, chemical, and biological connection between headwater streams and downstream waterbodies. The document uses a wide array of scientific literature to provide a review of these connections. The literature review that describes these three fundamental connections of headwaters to downstream systems is generally well supported. 





On Page 4-2, the report highlights how headwater streams are scientifically defined and how many databases and topographic maps underestimate the number of headwater streams that occur in a basin.  The report accurately describes the numerous scientific studies that demonstrate that headwater streams are largely not portrayed on standard topographic maps.  An additional figure with a map to illustrate this point would be helpful. 





The report provides adequate detail about the extent to which water inherently connects headwater streams to downstream waterbodies.  The extent to which downstream discharge is comprised of water that originated or passed through headwater streams is accurately described and well supported with scientific literature.  The report provides details about how the hydrology of downstream waterbodies is connected to headwater streams.  The describes how even though headwater streams are periodically dry, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, this could be expanded in the text.  In the current draft, there is not a specific paragraph that describes explicitly how ephemeral streams are linked with downstream flow, but this seems warranted in this section of the report.





The discussion of hydrologic dispersion was useful and presented definitions and examples from the literature.  However, in its current form, this section of the report does not address what happens when headwater streams are altered (piped, filled in or when drainage is increased, e.g. via tile drainage).  There is evidence in the literature to suggest that alterations in hydrologic flowpaths can have effects on the flow regime of downstream waterbodies and it seems appropriate to highlight these in this section of the report or refer back to specific sections of Chapter 3 that discuss this. 





The paragraph about dams (line 14, page 4-11) is weakly supported by available literature.  It has been long understood that dams disrupt the flow of sediments into downstream waters and it seems that this paragraph is suggesting that sediments from tributaries ameliorate this effect of dams on rivers. If this is indeed the intent of this paragraph, then it is necessary to provide a more extensive review of the available literature. 





The text describing the influence of stream temperature on downstream ecosystems does not address the interactions between land use of headwater streams and temperature.  Changes in headwater stream thermal regimes because of land use change may have a disproportionate affect on the temperature of downstream ecosystems. This section could be improved by additional consideration of changing land use in streams and the potential concomitant effects on downstream thermal regimes.





The paragraph on Line 18, Page 4-17 seems to be focused on the importance of underlying geology influencing nutrients in headwaters and consequently on downstream waters. The importance of geology to stream chemistry has been widely investigated and a more thorough review of this topic is warranted. 





Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-thorough wetlands) are supported by the available science. 





The findings and conclusions on the directional connectivity are appropriate and sound. 


 
Suggested rewording of Key Findings: 


a. Change “only in direct response to precipitation” to “as a result of precipitation” 


d.  Suggest editing the sentence: “The connections formed by surface and subsurface streamflows act as a series of complex physical, chemical, and biological alterations that occur as materials move through different parts of the river ecosystem.” To “As water moves through surface and subsurface streamflows materials in the water can be physically, chemically, and biologically altered.” It would be also useful to highlight the important role for nutrient removal processes as well as nutrient spiraling in this section. For example, denitrification that occurs throughout a river network will result in nitrogen removal from the bioavailable pool and improve water quality. 








Charge Question 4(a). Comments on EPA’s review and characterization of the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. 





The EPA’s review covered appropriate topics and included relevant scientific literature.  One shortcoming of the text in section 5.3.2.2 is the reliance on one article (Vidon et al. 2010).  This article was one of only three articles referenced in this section, but this article has been cited 48 times since its publication and there may be other papers to include.  It would also be worthwhile to include additional discussion of the evidence that riparian zones influence nitrogen removal. 





The review is somewhat confusing about which areas are included in this section of the report. The introduction seems to include riparian/floodplain wetlands and the report includes a justification for a relatively broad inclusion of literatures that deals with riparian/floodplain wetlands on page 5-3.  However, some of the literature included was conducted in the riparian zones of forested headwater streams (e.g. Section 5.3.2.4) and it is unclear from the Key Conclusions listed in Table 5-3 whether this section is focused on riparian/floodplain wetlands or riparian/floodplain zones in general.   Including studies that focused on stream riparian zones may be appropriate, if the report is intended to cover all riparian zones.  However, the introduction to this section indicates that it is focused on riparian and floodplain wetlands and that a broader review was needed to capture these systems that may have not been termed “wetlands”. Additional details about the specific studies mentioned are needed to provide a context for whether a study represents a likely “riparian or floodplain wetland”.





In general, additional clarification is needed to establish exactly what this section of the report is focused on and what is covered in the section about riparian/floodplain wetlands.  If Figure 3-2 is the guide to this, then a riparian wetland is a wetland that is occurring adjacent to a river in the riparian zone. Therefore, review of literature about riparian zones adjacent to streams that are not wetlands may not be appropriate.  Otherwise additional clarification is needed in the text of the review to highlight these studies and why they provide appropriate research that sheds light on riparian wetlands.  





Charge Question 4(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes are supported by the available science. 





As mentioned in the answer to Charge Question 4(a), there is some confusion about the inclusion of riparian/floodplain areas in general versus riparian/floodplain wetlands in this section. The conclusions are presumably based on the review chapter on wetlands.  The title “Riparian/Floodplain Waters” is broadly inclusive, but the “Conclusion 1.4.2. section” suggests by the first sentence that this section is about wetlands. 





The conclusion fails to provide a clear scope of whether this section is considering all riparian/floodplain areas, or riparian/floodplain wetlands. This results in some confusion, especially considering that the details of review are found in Chapter 5 that is titled “Wetlands: physical, chemical..”.  For example, the Key Finding a. states that “Riparian areas act as buffers…” and in the second sentence focuses on “riparian wetlands”. The additional sections refer to  “riparian and floodplain areas”. The report would benefit from a more explicit statement about what is being considered in this section of the report and more consistent use of terminology. 








Charge Question 5(a). Comments on EPA’s review and characterization of the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. (Section 5.4)





The EPA’s review and characterization of this topic was based on the available literature, but the report points out that generalizing the effects of “unidirectional wetlands” may be limited by the literature available. The report provides the context for distinguishing between geographic isolation and lack of connectivity due to surface, subsurface flowpaths, links to groundwater and important biological connections. The report provides a review of the connections that exist between unidirectional wetlands and downstream waters. 





Charge Question 5(b). Comments on whether EPA’s findings and conclusions concerning directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes are supported by the available science. 





The general findings about the role of “unidirectional wetlands” are sound.  The wording on some of the key finding paragraphs should be tightened up.  Unlike the other Key Findings listed in other sections of the report, these include more site-specific details from the literature that are described elsewhere in the report.  The key findings should be general statements rather than specifics from the literature review.  For example, in Key Finding a, the general statement about how water storage by wetlands can affect streamflow is supported by the literature presented in section 5.4.  However, the subsequent sentences that focus on specific locations and studies are not appropriate here and the text should be more general.  This is also the case for Key Finding b. 
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Jack Stanford’s Comments on EPA Aquatic Connectivity Report








General comments


 Overall, I think the report is darn good, given that it has to deal with almost all aspects of


river and wetland ecology in order to nail down the fact that connectivity (and complexity, although that is not emphasized) is a foundational aspect of freshwater ecology.  However, the report may be excessively long.  A lot of the concepts are repeated to some extent in all of the chapters.  This probably emerges from the fact that many people have written sections.  I would give this thing to a committee of the three best editors in the field with a charge to shorten the text by 30% and more clearly state the main points and conclusions.  I’d use boxed text to highlight key principles.  The case studies are great but they are long because much of the conceptual material in the main chapters is reiterated in making the case and therefore it should be possible to substantially shorten them. However, again, it is much better than I expected and does the job in some ways that surprised me (e.g., inclusion of vernal ponds as an example of connected wetlands).  Good job, I hope the workshop helps hone the message.





 The summary is too long and has too many vague terms in it.  For example I read the


summary first and was really thrown by inclusion of vernal pools as connectors. I always considered them as totally isolated but I was enlightened by the text in Chapter 4.  So, in the summary it is important to make it clear why vernal pools were used as examples of how seemingly isolated and seasonally watered pools are in fact influential on downstream waters.   I have commented at length below.  My main point is that the summary is what will be read by the pundits and it has to be written in less scientific language than the main body of the report. The key points need to be brief and hard hitting (not a verbatim repeat of what is given at length in


the conclusions and discussion chapter (6).  The current version is pretty short of the mark andneeds work. I hope my suggestions below will help.





 The conceptual framework chapter works well for me with the exception that the 3


dimensional nature of all streams and rivers too routinely is omitted.  I have pointed out key places that I recommend including text about the importance of groundwater flow paths (alluvial aquifers especially) as connectors and transformers in the longitudinal continuum.  Also, the role of primary succession of woody vegetation on flood scoured surfaces is left out entirely.   That must be corrected.





 I endorse the segregation of directionality that is used throughout the report.  That is a


very good way to show that even seemingly isolated wetlands are connected structurally and functionally to downstream waters at least during wet periods.   Chapter organization is fine and the review of the literature is sufficiently complete to underscore the main conclusions.





 That said, the report is not very well organized and complete with respect to


anthropogenic influences.  In some sections human effects are explicitly referred to but in others it is notably missing.  A main purpose of the report is to say that scientific world is unified on the fact that freshwaters are interconnected from ridge to reef and that interconnection clearly means that processes upstream strongly influence conditions in receiving waters downstream.  This fundamental principle has big implications for management and conservation of freshwater. Perhaps human  effects on connectivity merits its own chapter (so much for my recommendation to shorten the report however).





Specific comments.





Summary.


Page 1-2.  Fig 1.1.  Good one for the summary but extend the floodplains further upstream. Page 2-3 Line 33 Primary conclusion 2 – The role of water moving through the landscape via groundwater flow paths is the primary process by which wetlands and open waters are maintained.  The flows usually are bi-directional over an annual hydrologic cycle.  Without clarity that groundwater flux from channel, riparian and phreatic zones of the landscape is a primary connecting process, this conclusion is incomplete.   The phrase “temporary storage of local groundwater that supports baseflow in rivers” does not provide the needed clarity because groundwater in shallow aquifers usually is permanent not temporary, although depth to water table and volume of the aquifer and its vadose and hyporheic zones may vary with climate hydrology.  Also in this paragraph, for clarity eliminate the word “they” when referring to wetlands.


Page 1-4.  Lines 8-14.  This text seemly contradicts the opening statement of this primary


conclusion or is at least not clear.  What is a gradient of connectivity? The North Temperate Lakes LTER is a unidirectional wetland system with isolated seepage lakes connected by unidirectional flow paths  and the research clearly shows that upstream processes and conditions strongly influence downstream conditions and processes.   I think the last half of this conclusion starting at line 8 should be deleted and left for elaboration in the wetlands chapter.


Page 1-5 Line 27-30.  This statement lacks sufficient clarity.  What is meant by river “health?”  I prefer “ecological (or biophysical) integrity” which is used pointedly in the discussion (Fig 6-1). But more importantly, flooding is a fundamental landscape forming process in rivers and riparian systems and even wetlands.  Floods are not infrequent.  Big floods are infrequent.  The point is that floods move fine and coarse (small and large) sediment and wood around in ways that maintain a dynamic landscape (riverscape) structure and hence floods strongly control connectivity all points in the longitudinal hydraulic continuum above and below ground from ridges to the ocean.  Temporary disconnections in the three dimensional flow paths simply add variance to the dynamic nature of river structure and function.  Maintenance dynamic exchanges in 3D and through time is the foundation of connectivity and integrity in the context of this


report (e.g., the 4 dimensional, self-organizing character of rivers, see (Ward 1989, Ward 1997)


Page 1-6, Line 13-22.  The example here should focus on potential and actual removal of EXCESS nitrogen.  I doubt there is ever a case where nitrogen flux is zero.  Near zero perhaps, but not zero.


Page 1-9. Key Findings.  e. Why do you not say that riparian zones of expansive river


floodplains are hot spots of biodiversity? This should be highlighted I would think because there is lots of literature on the issue and biodiversity in a regional context at least arises from connectivity.


Page 1-10. Line 35 on.  Same problem as described above for page 1-4.  Text is repeated here and clarity is not improved. I think this contradiction should be removed from the summary.  The issue is sufficiently described on 1-12, point e.  Leave it at that.


Page 1-13.  Line 17.  This statement is confusing, what is meant by “outside the river” if they originate upstream (as said in the next sentence).  Perhaps the idea is that rivers are drainage networks that move and transform materials that originate in the terrestrial landscape.


Page 1-14.  Line 24.  I think the term “vernal” is misused here.  Such pools occur in swales all right but they are vernal because of the seasonality of hydrology.  They fill in spring and are dry by midsummer. A little clarification needed.  Also, this is the last paragraph in the summary andit lets the report sort of “die on the vine.”  I suggest enlarging the text that starts at line 29 into a final paragraph that brings home connectivity in a watershed (catchment basin) context.  That water quality and quantity at any point from the ridge to the ocean is in some way influenced by the sum of all interconnections upstream is the key point to leave with the reader.


Page 2-1. Introduction.  Purpose and Scope. Seems fine. Points are clear.


Page 3-4. Line 28.  Please add that terraces are surfaces that no longer receive floodwaters even during the highest contemporary flows.  Or something like that.  The word terrace is often badly misused in describing what should be described as riparian benches of expansive floodplains (see Stanford et al. 2005).  In Figure 3-3 you correctly show a natural levee, I think.  Trouble is that levee means man-made to most people.  Not sure how to clarify except to say natural levee but they certainly are present on most unregulated rivers.


Page 3-13 Line 24.  Bears carrying salmon into a riparian area is not a geochemical flux.


Biophysical perhaps.  The example is ok for the point you are trying to make, but include a geochemical example as well…wind blown sediments on floodplains perhaps?


Page 3-13. I have rarely seen an upland in a floodplain setting unless you mean a drumlin or some other glacial structure left in an outwash floodplain.  Suggest some clarity here.


Page 3-17.  Fig 3-8.  Panel B is difficult to understand so don’t use it.  I assume you mean the


rain fall event is as in panel a.  Perhaps show a constrained channel and a floodplain in base and flood flow to give a better idea of expansion and contraction.  Fig 3-12 works well.


Page 3-25. Line 8. Consider adding here that flux also is time dependent in that connectivity of lack of it can change in short time periods as emphasized above as expansion and contraction of the stream network in relation to flow events (or lack of them).


Page 3-27. Line 16.  The ideas in this paragraph are re-iterated in the summary and my comments about excess N apply here as well.


Page 3-27.  Define woody debris…. Drift wood?


Page 3-36.  Fig 3-16.  I understand that a playa is a shallow lake basin with no outlet, usually dry.  An interior basin means that water flows into a lake with no outlet, like the Great Salt Lake. Ground water inputs do not dominate as shown in the figure.  Clarify.


Page 3-41. Line 14.  Add that water can be lost from the channel into the alluvial aquifer… very different than bank storage.


Page 3-43.  Line   4.  For example the likelihood that a prey organism will be killed by a predator increases with distance.  Way you have it does not make sense.


Page 4-11. 4.3.3 (and on page 4-10, Line 9)   This section is about wood recruitment into


streams… this is drift wood.  I have never liked calling it woody debris.  But the section about DEAD wood as given here is ok, but what about live wood?  Actually sediment transport in foodplain rivers is more influenced by plant succession on newly formed gravel bars than drift wood.  Where is the section on LIVE WOOD?


Page 4-14 Line 26-30. Ebersole found cold patches that exceeded tolerances in summer? Does not make sense. You mean that he found cold patches from groundwater discharge (outwelling) in an otherwise very warm river during late summer.  Ebersole and others found that spring brook streams from ground water outwelling in dry flood channels provided cool water to the main channel.  This is related to my next comment.


Page 4-15. Line 19. This section on temperature needs a bit added about how temperature can vary dramatically across floodplains owing to gw-sw exchanges and varying water flux through lateral habitats that are only connected to the channel by hyporheic flux.  Thus different physicalhabitats such as spring brooks and ponds on the floodplain usually have dramatic differences in temperature patterns which promotes productivity and biodiversity.


Page 4-16, Line 15-19.  This paragraph is vague and probably wrong.  The effect of tributary streams on mainstem river water temperatures…..tributary streams are often cooler than the main channel and can be important as refugia for mainstem biota.  They are not constant temperatures unless they are springs.


Page 4-29. 4.5.1 Invertebrates.  This section needs to include invertebrates contributed to downstream waters from alluvial aquifers (e.g., Stanford et al., 2005)


Page 4-31.  4.5.2. Fishes.  This section needs to include a discussion of the importance of floodplain habitats such as spring brooks and ponds that juvenile fishes move into from the main channel (e.g., Eberle and Stanford 2010, cited in the report).


Page 4-33.  4.5.3. Genes.  This section some considerations of human effects but anthropogenic


influences were not included in the sections above, at least some pointed considerations of the influences of dams, diversions, pollution.


Page 4-34. 4.6 Streams:Synthesis.  This section forgets to include the fundamental importance of gw-sw exchanges on physical, chemical and biological connectivity.   It does not have to be long but it has to be there.  Most of the sections above do include these considerations so the synthesis is not complete…. Also, since there is a synthesis section, I don’t see the utility of an abstract. The paper is long enough as is.


Pages 4-38.  The case studies are very well done and I like the selection because they are


examples of perhaps the least connected systems but nonetheless underscore the main point of the report.  However, given that big rivers are the main conduits of continental water, perhaps a large floodplain river should be included as an example to complete the story.  I would use the Columbia or one of its most studied tributaries, such as the Flathead.  Or at least have a section on the book, Rivers of North America, as a summary of rivers nationwide.  Most of the chapters in that book illustrate upstream downstream connections.


Page 5-2. 5.1 Abstract. Line 8.  Riparian wetlands also are hydrologically (and biologically) connected to rivers via the alluvial aquifer.  This is especially important on expansive floodplain rivers where the hyporheic zone is equivalent to the alluvial aquifer because the aquifer recharge is predominately from the river (see Stanford et al., 2005).  But it exists to some extent on all rivers even though in small streams the flux is often thought of as bank storage. In any case, riparia do not exist without the presence of saturated bedsediments.  Most of the wetland environments of floodplains are predominately maintained by groundwater flux from the river. Since you are including floodplains in this chapter as key wetland environments, the importance of the alluvial aquifer and water (and invertebrate) flux through the hyporheic zone must be referred to properly throughout this chapter down to 5.4.2 (this comment is not as germane to


uni-directional wetlands).  Processes in the alluvial aquifers influence temperatures, nutrient and pollutant concentrations, organic matter and biota in downstream waters.  In the summary table


5-3, you need to add the phrase “above and below ground” in the appropriate summary sentences where connectivity is the point, e.g., point 1 – Riparian areas are highly connected to streams and


rivers above and below ground. I am biased but the best empirical citation for all of this is


Stanford et al., 2005.   Boulton et al. (2010) is a thorough review of most of these concepts and must be worked into the riparian portion of this chapter.


Page 6-1. Major Conclusions.  This text is exactly as in the summary.  Therefore the comments I have above about the summary also apply here.  However, I recommend abstracting (short and hard hitting) the major conclusions in the summary and leaving the text intact here (but please note the comments given above).


Page 6-6.  Figure 6-1.  This is the most important figure in the paper.   Do not leave a question mark in it when referring to metrics.  Give some bullets to illustrate what they are and say in the legend that this is the area where research is needed.  But, don’t leave the impression that no metrics for integrity and resilience exist.


Page 6-7 End of the discussion.  The discussion dies on the vine as I commented above about the summary.  Something like this is needed at the end of the summary and at the end of the discussion in the report: The main point of this report is fundamentally that water runs downhill – above and below ground – creating the full range of aquatic habitats, including alluvial aquifers and saturated soils, inhabited by aquatic and semi-aquatic biota.  All of these environments are interconnected via hydrologic and/or biotic flow paths that may be uni-directional (upstream to downstream) or bi-directional (direction of flows may reverse in time and space) as illustrated in Figure 6-1. But, in all cases, the science is very clear: biogeochemical structural and functional processes in upstream areas strongly determine outcomes in downstream environments.  All riverine, lacustrine and wetland environments in one way or another are connected to downstream waters and must be managed in that context.





Boulton, A. J., T. Datry, T. Kasahara, M. Mutz, and J. A. Stanford. 2010. Ecology and management of the hyporheic zone: stream–groundwater interactions of running waters and their floodplains. Journal of North American Benthological Society 29:20–40.





Stanford, J. A., M. S. Lorang, and F. R. Hauer. 2005. The shifting habitat mosaic of river


ecosystems. Verh. Internat. Verein. Limnol. 29:123–136.





Ward, J. V. 1989. The four-dimensional nature of lotic ecosystems. J. N. Am. Benthol.


 Soc. 8:2–


8.


Ward, J. V. 1997. An expansive perspective of riverine landscapes: pattern and process 


	across scales. GAIA 6:52–60.
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Preliminary Comments from Mazeika Sullivan


12.07.2013





I have provided preliminary overview comments and suggested discussion points for all technical charge questions. Additionally, I have provided detailed comments on Charge Question 4(b) (as assigned to me by the Panel Chair). I have included a small set of references along with my comments, but there are several additional papers that may help inform our discussion and I can provide these at the meeting. I have a number of minor editorial suggestions, which I can also provide at the meeting. As these are preliminary comments, I look forward to further discussion


at the SAB Panel meeting (Dec. 16-18th, 2013) to formulate more definitive conclusions.





CHARGE QUESTION #1 - Overall Clarity and Technical Accuracy of the Draft Report





Overall, I found the draft document, “Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence” to be comprehensive and nicely organized. My first impression is that the review and synthesis of the literature is extensive and that the salient conclusions are generally defensible from a scientific perspective. Two major paradigms are presented in the review: (1) the watershed scale is the most appropriate context for addressing biological, chemical, and physical connections among water bodies, and (2) the effects of small water bodies in a watershed need to be considered in aggregate in order to understand their effects on downstream waters. These concepts are generally accurate and appropriate based on the available evidence. Relative to the first paradigm, I also suggest explicit consideration of the growing macroecological emphasis. In particular, more explicit treatment of macrosystem ecology could help place the concept of water body connectivity in appropriately broad spatiotemporal scales (see Thorp 2013). Relative to the second paradigm, we may also want to further consider the relative distribution of water bodies in the catchment as well as catchment shape and structural characteristics (e.g., drainage density), which might also be expected to be important relative to connectivity.





The categorization of wetlands (i.e., wetlands in unidirectional and bidirectional landscape settings) appears to be appropriate within the context of the report. We may want to discuss how these terms align with commonly used terminology in management, regulatory, and other relevant contexts.





Striking a balance between broad patterns of connectivity and site-specific, regional, and temporal variability in patterns is challenging, but my initial reaction is that the authors successfully draw on material from a broad variety of primary literature representing an extensive geographic scope, strengthening the generality of the findings. Nonetheless, we might consider further integrating data from high northern latitudes, urban systems, and less-disturbed systems into the report. The case studies nicely complement the broader thematic discussions, and help provide nuance to the broader themes addressed in the document.





As with any review of this nature where the body of literature is vast, there will always be potential omissions. I commend the authors on a thorough review, although there are instances where relevant references may be missing or the argument at hand may be overly dependent on a single/couple citation/s. We also may want to consider requesting additional detail related to the methodology used in the literature review, as this may help clarify the use of some literature that does not seem to be peer-reviewed (e.g.; Dahl 1990, Winter et al. 1998), as well as any other potential reference-related inconsistencies. In the Summary of Major Conclusions (P24-25), as well as elsewhere in the document, I encourage additional consideration of variability in biological connectivity across spatial scales. In particular, the review may benefit from further detail relative to birds and other organisms that spatially integrate the landscape (both within and among watersheds) more broadly. The importance of food webs to water body connectivity is stated early in the document and again in the Conclusions (P26, L8-9 and P235, L28-29 – “Similarly, aquatic food webs connect terrestrial, ecosystems, streams, wetlands, and downstream waters.”), but we may want to consider a more explicit treatment of the mechanisms of food-web mediated connectivity in each of the major sections. I found the Major Conclusions (Sec 1.4) to be generally supported, although am prepared to offer additional perspectives at the Panel meeting.





CHARGE QUESTION #2 - Conceptual Framework: An Integrated, Systems Perspective of


Watershed Structure and Function





My overall impression is that this section provides a useful context for the material presented in the following sections about the individual watershed components. The material is clearly presented with definitions provided (as well as in Appendix A: Glossary) to assist readers that may not be familiar with some of the technical terms. My initial reaction is that the material presented in this chapter is technically sound, with some points that could use additional clarification. I offer the following for consideration for further discussion:





1)   P39, L17-18 – I would be interested in hearing the panel’s thoughts on the variability of headwater stream definitions found in the literature (e.g., Meyer et al. 2007).


2)   P42, L12-13 – I encourage further discussion relative the description of wetlands as “transitional areas between terrestrial and aquatic ecosystems”. Although wetlands can experience spatial and temporal variability in features, it is my understanding that they can be viewed as aquatic ecosystems in their own right.


1)   P68, L1-3: Organisms such as mammals, amphibians, and birds can also be vectors of contaminants from wetlands to rivers, even with hydrological isolation.


2)   P84, L20: We may also want to note that lateral hydrological connectivity can increase


riverscape diversity, not just create additional habitat for those taxa found in the mainstream (e.g., Sullivan and Watzin 2009).


3)   P84, L31 – Perhaps explicit mention of non-aquatic taxa that link aquatic systems can be considered.


4)   P85, L22-24 – The following statement may be somewhat misleading: “Upstream of large dams, riparian areas are permanently inundated, increasing lateral hydrologic connectivity.” Although riparian areas upstream of impoundments may be inundated, this may not translate to functional connectivity, as found in systems with (more) natural flow regimes.


5)   P87, L4 – Irrigation canals and ditches, common in agricultural landscapes can indeed


provide connectivity among water bodies, but we may want to further address the quality and function of the link. The actual vs. potential function presented on P64 may be a helpful framework in which to do this.


6)   P87, L22 – Also consider citing Stanley and Doyle (2002).





CHARGE QUESTION #3 (a and b): Lotic Systems: Ephemeral, Intermittent, and


Perennial Streams





Overall, I found this section to be comprehensive and the literature clearly summarized. The case studies on prairie and southwestern streams contribute to refining the more general information presented in the earlier sections of this chapter and serve as examples of the variability that can exist in patterns of connectivity. I offer the following specific points for further consideration:





1)   P94, L20-21 – We may want to consider the impacts of synchronous vs. asynchronous tributary flows/inputs on downstream systems.


2)   P98, Sediment – Additional detail relating to the impacts of sediment loading on aquatic biota could strengthen the sediment discussion.


3)   P99, L15-19 – Although transport distance of sediment after individual floods in


ephemeral systems may not be linked to perennial rivers, it is my understanding that the cumulative impact of many floods could represent a significant sediment pulse to receiving systems.


4)   I found the discussion on large wood to be light on the biological side, especially in terms of the habitat provided for certain life-stages of organisms and as refuge areas for various fishes.


5)   P111, L11 – Benfield (1997) draws evidence from a variety of stream systems, including coniferous and deciduous. The variability in the contribution of organic matter among systems should be recognized.


6)   P115-118, Contaminants – This section would benefit from a brief discussion of the role


of organisms as biovectors of contaminants (Sullivan and Rodewald 2012).


7)   P118 – We may want to discuss including examples of organisms besides fish and invertebrates in discussion of biological connections. For example, headwater streams are important habitat for birds such as the northern waterthrush, Louisiana waterthrush, and American dipper. Resident American dipper populations link headwater streams and rivers through seasonal movements: nesting (headwaters) and overwintering (rivers).


8)   P118-120, Invertebrates – There is no discussion of biological connections via the adult life stage and subsequent aerial dispersal of aquatic insects (e.g., Bogan and Boersma


2012).





CHARGE QUESTION #4 (a and b): Lentic Systems: Wetlands and Open Waters with the


Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





In general, I found this section to clearly outline how bidirectional wetlands are connected to streams and downstream water bodies and to be generally supported by the available science. However, my initial reaction was that the overlapping discussion between the role of riparian and floodplain wetlands and the role of purely riparian areas (i.e., irrespective if there are wetlands associated with them or not) could be clarified. For example, the discussion about inputs of large


wood (P167, 3rd par) indicates that riparian vegetation (via inputs of wood) shapes stream


geomorphology, but the specific contribution of wood from riparian and floodplain wetlands is unclear. I recognize that limiting the literature review to articles that describe the riparian area as a wetland would have been too restrictive (as explained on P162) and appreciate the authors’ approach. Nonetheless, I wonder if further highlighting the specific contributions of bidirectional wetlands within the broader riparian framework may be a useful approach. Additionally, the


location, size, and other physiographic characteristics of wetlands relative to the receiving system may be important in fully understanding their potential contribution to receiving waters. Lastly, we may want to consider more explicit treatment of forested wetlands (bottomland hardwood forests), as these wetlands represent a significant portion of remaining US wetlands.





Table 5-1 (P163-164)


- 	7th Source Function bullet: Riparian/floodplain wetlands can also be sources of birds to downstream waters.


- 	8th Source Function bullet: In addition to provisioning habitat for riverine organisms,


riparian/ floodplain wetlands can also increase fish community diversity.


- 	1st Transformation Function bullet: It is my understanding that the production of methylmercury in waters largely occurs via transformation of oxidized mercury vs. elemental mercury.


- 	Lag function: We may want to consider an additional bullet to address potential changes in nutrient spiraling length affected by riparian/floodplain wetlands.





The Physical Influence of Riparian Areas on Streams





Hydrology


I suggest that we further discuss the residence time of water (also see similar comment relative to N and P, below). Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections. The idea of biogeochemical hotspots


(zones of disproportionately high nutrient reaction rates relative to surrounding matrix) has received significant attention (McClain et al. 2003), yet some hot spots may not contribute substantially to nutrient retention within the entire river network. Hotspots that are highly connected hydrologically to nutrient sources have an increased capacity (relative to poorly connected hotspots) to influence ecosystem-level nutrient retention and may alter nutrient transport.





Geomorphology (Sediment-Vegetation Dynamics)


P167, 1st par – In some landscape contexts, riparian wetlands may also functionally contribute to a reduction in main channel coarse substrate by reducing local flood flows and scour and leaving


more fines in the channel (Riseng et al. 2011).





P167, L14-16 – The report states that streambanks that are devoid of vegetation can be susceptible to channel widening. It may also be relevant to note that herbaceous riparian vegetation (vs. forest) can stabilize stream banks and trap sediment, which leads to narrower channels than those found in forested reaches (Davies-Colley and Quinn 1998, Sweeney et al.


2004), but that these changes result in loss of in-stream habitat and ecosystem services.





Temperature and Sunlight


The statement, “Net primary productivity is greatest in open reaches and less in forested reaches


…” (P168, L27-28) strikes me as being a bit overly generalized. We may want to consider adding the caveat, all other features being similar.





The Chemical-Nutrient Influence of Riparian Areas of Streams





Nitrogen and Phosphorus


It is my understanding that water residence time in riparian/floodplain wetlands can be an important factor in mediating nutrient fluxes to receiving waters. Powers et al. (2012) underscore that nutrient retention is the result of a balance among uptake efficiency, water residence time,


and the strength of the hydrological connections between nutrient sinks and sources. We may also want to explicitly point out that the destruction of riparian wetlands has been shown to exacerbate nutrient loading from agricultural lands by reducing or eliminating riparian nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus (e.g., Verhoeven et al. 2006).





Carbon and Allochthonous Inputs


My initial impression is that the evidence in this section may be strengthened by explicit consideration of alternative and/or complementary concepts to the longitudinally-based RCC. A number of concepts have been proposed (Townsend 1996, Thorp et al. 2006, Poole 2010). In particular, patch dynamics concepts that recognize discontinuous patterns have emerged with important potential implications for water-body connectivity (Montgomery 1999, Thorp et al.


2006, Poole 2010, Sullivan 2013). We may also want to consider additional vectors of additions


of autochthonous material including wind and organisms (e.g., beaver).





Mercury


In addition to waste incineration and coal combustion as mercury sources to the atmosphere, we also may want to mention other sources that have recently been shown to be important (e.g., industrial processes, mining, and others). We may want to also mention the multiple pathways of heavy metal movement through food webs, including large-scale contaminant transport as well as other consumers affected by mercury.





Biological Connections Between Riparian Areas and Streams





P174, L10 – We may want to consider additional citations relative to importance of floodplains for fish.





Vascular Plants and Phytoplankton


P175, L20 – There are multiple other lines of evidence supporting effects of invasion by nonnative plants that we may want to consider.





P176, 1st par – The report states that “phytoplankton communities in river networks can be bolstered by high productivity conditions in temporarily connected floodplain wetlands.” We might further consider the mechanisms and importance of this function. For example, in large river-floodplain systems, Tockner et al. (1999) present a conceptual model linking hydrology with ecological processes (floodplain shifts from a closed and primarily biologically controlled system, Phase I) to an increasingly open and more hydrologically controlled system (Phases II and III). Phase II exhibits high nutrient inputs to the floodplain and high water residence times and therefore favors the development of phytoplankton biomass (‘primary production phase’). The ‘transport phase’ refers to short flood pulses above bankfull that move particulate matter between the floodplain and main channel.





Vertebrates


I suggest highlighting the role of vertebrates as nutrient movers between water bodies. For example, birds can be key movers of nutrients, plants (seeds), and invertebrates between wetlands (and downstream waters) across ranges of lateral and spatial connectivity. Green et al. (2008) suggest that birds are likely to be particularly important in facilitating the recolonization of invertebrates and plants with limited drought resistance in arid climates. Waterfowl play an important role in dispersal of organisms in aquatic environments via internal transport (Figuerola et al. 2003).





P177, 2nd par – We may want to consider moving this paragraph elsewhere (perhaps to introduction to Biological Connections Between Riparian Areas and Streams). The function of this paragraph is to illustrate that riparian/floodplain wetlands can influence stream integrity/health, which can be measured via multiple metrics beyond invertebrates. Also, a


broader landscape perspective may be useful to consider. For example, Riseng et al. (2011) found that landscape context can be an important mediator of the influences of riparian/floodplain wetlands on stream biological integrity.





Invertebrates


My initial read leaves me with the impression that this section would benefit from a more bidirectional perspective, especially relative to river-to-wetland movement of organisms.





CHARGE QUESTION #5 (a and b): Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





As with previous sections, the authors drew from a variety of literature to support their conclusions. The case studies on oxbox lakes, Carolina and Delmarva bays, prairie potholes, and vernal pools offer important site- and/or regionally-specific details and incorporate a range of geographic perspectives for both wetlands in bidirectional and unidirectional settings. Relative to the discussion of surface-water connectivity (e.g., P181, L34), we might want to consider the implications of potential climatic shifts (temperature, precipitation). Additional points to consider relative to broader concepts of connectivity of unidirectional wetlands with downstream water bodies could be the predictable movement of birds from/to unidirectional wetlands, the potential importance of unidirectional wetlands to metapopulation dynamics and genetic diversity of biotic populations, and the potential role of mammals in connecting these wetlands with receiving systems. Lastly, the report appears to be somewhat ambiguous on the broader conclusions relative to unidirectional wetlands (e.g., P161, L8-22), which I propose we further discuss.











Synthesis and Conclusions


My overall impression of the Synthesis and Applications section (P196-201) is that it is perhaps a bit light in terms of biological connectivity (in particular, relative to organisms that may spatially integrate the landscape over larger spatial scales). I offer the following thoughts on Table 5.3 (P197-198):


- 	1st Physical Connectivity and Function bullet – It may be important to note that the


influence of riparian/floodplain wetlands is not a unidirectional influence, but that streams also influence riparian zones


- 	4th Chemical Connectivity and Function bullet – I suggest we revisit this statement as


increased turbidity in downstream reaches can decrease primary productivity and overland flood pulses can bring allochthonous material into the channel.





From my initial read, I think that the Conclusions and Discussion (P234-240) accurately reflect the material presented in the document and are largely defensible. For Conclusion #2 (P234), we may want to consider emphasizing that wetlands with bidirectional hydrologic exchanges are intimately linked to streams and rivers through biological connections (including integrated wetland-river food webs) that operate across a range of temporal and spatial scales. Also, we may want to more clearly distinguish between our current capabilities to measure and monitor ecologically-relevant connections and new tools and metrics that would enhance these


capabilities (P240).
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Preliminary Written Comments to Technical Charge Questions: Connectivity of Streams and Wetlands to Downstream Waters						





Jennifer L. Tank, Department of Biological Sciences, University of Notre Dame, Notre Dame, IN 46556





Charge Question 1. Overall impressions on the clarity and technical accuracy of EPA Draft Report.





General Comments: I found that the draft report on the physical, chemical, and biological connections of streams and wetlands to downstream waters to be accurate and clearly written. Using a comprehensive review, the report summarizes the body of peer-reviewed literature supporting the hydrological, chemical, and biological linkages between streams and wetlands to downstream waters.  





Specific comments to strengthen and/or clarify text of section 1. Executive Summary: 


(specified as page number, followed by line numbers)


P1-6, L26-27: Brief mention of how connectivity changes over time with changing flow (e.g., storms, seasonality) is warranted here, rather than waiting until later (P1-13).


P1-8, L 25-27: An additional sentence explaining how excess nutrients lead to hypoxic conditions, through algal blooms, subsequent death and decomposition, is needed.


P1-9, L15: “Riparian area” could be replaced by “Riparian floodplains/wetlands” to be more precise. 


P1-12, L1-3: Summary statement on conclusions about unidirectional wetlands for nutrient removal and reduction and attenuation on flooding (P1-13, L35-36) suggest string evidence for connectivity and yet these seem contradictory to earlier statements on inconclusive nature of literature review (P1-10, L39). 


P1-13, L10-15: Last half of 1st paragraph of the Closing Comments is very confusing and needs to be clarified.  





Charge Question 2. Comments on the clarity, technical accuracy, and usefulness of the conceptual framework describing the hydrologic elements of a watershed and the physical, chemical, and biological connections linking these elements.





General Comments: The conceptual framework was clear, accurate, and provides a necessary foundation describing how water and materials move in a watershed. This context is integral for the subsequent detailed summary of the peer-reviewed literature regarding connectivity of streams, floodplain/riparian wetlands, and unidirectional wetlands. Additionally, the figures were useful in illustrating key concepts that are then referred to throughout the report. Finally, Table 3-1 was helpful in delineating the 5 major functions by which streams and wetlands alter material fluxes to downstream waters. 





Specific comments to strengthen and/or clarify text of section 3. Conceptual Framework: 


P3-2, L5-6: Minor clarification on the definition of channel: use of phrase “hampers the colonization and persistence of terrestrial vegetation” may be oversimplification. For example, vegetation such as annual grasses are often key primary producers in headwater streams and create the diffuse boundary between stream channel and riparian zone. 


P3-9, L15-17: There should be some mention of the temporal variation in the delineation of saturated and unsaturated zones. 


P3-14, L7-8: Inaccurate statement that denitrification in riparian zone “filters water” before it reaches the stream channel. Water with dissolved nitrate comes in contact with bioreactive soils/sediments in riparian zone and subsequent microbially-mediated denitrification can reduce nitrate concentrations. 


P3-18, Fig. 3-9 and text on P3-16, L24-26: Legend for figure could be clarified as it is unclear whether panel C for headwater streams represents the sum of perennial and intermittent stream lengths. For text on P3-16, clarifying difference between intermittent and ephemeral which are combined in Panel B. 


P3-25, L27-28: It would be accurate to include nutrients in this list materials carried by streams during high flows.  


P3-27, L13-15: The paradox mentioned about degraded streams and wetlands getting more protection than less impacted systems is not clearly described; confusing as written.


P3-27, L28-30: These statements about frequency of material delivery and supposed effects are overgeneralizations and confusing. 


P3-27, L35: Overstatement; replace “keystone” with “important” as salmon are not keystone species in all systems using accepted definition of keystone. 


P3-29, L24: It would be helpful to add “requiring the use of watershed modelling approaches” to the end of this sentence about quantitative assessment of the roles of streams and wetlands on downstream export.  


P3-29, L28-32: The given example of a “lag effect” is somewhat confusing and not appropriately cited as it is not clear to me how cations convert DOM to FPOM. Perhaps using sediment retention or nutrient retention during pulsed storm events would be more conceptually straightforward? 


P3-30, Fig 3-14: I agree that a conceptual figure about sequential transformation is useful but this figure is lacking in that it depicts mostly food webs, rather than the specifics about the transformation of material. Examples that could be more effective include CPOM (i.e., leaves) to FPOM and DOM or dissolved inorganic ammonium to N biomass in organisms and then excretion as DON. 


P3-31, L19-25: The end of Section 3.3.2.1 Connectivity and Isolation could be better summarized compared to the current text, which is very confusing.


P3-31, L28-35; P3-32, L8-20: This text seems repetitive to previous text on hydrology; could omit or refine. 


P3-33 L4-6: This section on connectivity ends with a lost opportunity to mention connectivity in context of nutrients and biogeochemistry and instead the previous paragraphs focus primarily on organisms (termed “biota”), and only mention nutrient dynamics in these last lines with vague example about drying. 


P3-34, Fig 3-15 and text P3-40, L3-6: Choice of 5 rivers to examine variation in annual runoff omits Midwest and Mississippi River Basin all together; consider adding two panels in middle of country to expand scope. 


P3-35, L12-13 and P3-37, Fig 3-17: If you are going to mention human alterations (i.e., impermeable surfaces) then you should also mention the influence of agriculture on water flow. For example, flow regimes for headwater streams in the agricultural Midwest are strongly influenced by the prevalence of subsurface tile drainage and channelization, which causes significantly altered and “flashy” hydrographs. This example could also be added to text in Fig 3-17 legend. 


P3-41, L11-29: This paragraph linking hydrologic connectivity and material transformations is awkward. For example (L16) water cannot be diluted, and the shift to coverage on material flow (L18) is also rough. These are important concepts and should be re-phrased for increased clarity, focusing on topic of section which is variation in the spatial distribution of headwaters. 


P3-42, Fig 3-19: Not sure how useful this figure of “major basin shapes (n=2) is as stands. This would likely be considered an oversimplification by a fluvial geomorphologist and could be augmented to reflect current understanding. 


P3-43, L3-7: Paragraph on biological connectivity seems out of place here and does not support previous or subsequent text.


P3-47, L5-8: The term “biota” is unclear to me here. Is this section summarizing “macro-biota” only? Microbes and their associated functions (production, assimilation, and transformation) are a significant part of biota as well. This should be clarified if term biota is being used differently here.  


P3-48, L5: It would be helpful to separate the reduced connectivity examples from the example of enhanced connectivity as these are important concepts and they are getting lost in very long sentences. Also “piping” (L6) could be more accurately defined as tile drainage occurring in agricultural landscapes. 


P3-50, L-1-2: This paragraph would be improved with a few sentences introducing how continuous wetland drainage is achieved through the installation of subsurface tile drains (as depicted in “artificial drainage” panel in Fig 3-21B. Tile drains are mentioned later in the report as well and would benefit from introduction. 


P3-50, L-7: Insert “excess nutrients from fertilizer” after “(2) increases delivery of sediment” as they are currently not mentioned in the effects of enhanced hydrologic connectivity. This section could be enhanced with results from research has shown that agricultural drainage ditches are crucial links between fields and downstream receiving waters (Moore et al. 2011, Sharpley et al. 2007)


P3-50, L24-5: Also restoration of floodplains in formally channelized streams enhances ecosystem function (e.g., N removal via denitrification, Roley et al. 2012a, 2012b).  





Charge Question 3(a). Comments on EPA’s review and characterization of the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams.





 General Comments: The review and characterization of the literature supporting the downstream connectivity of all streams, including perennial, intermittent and ephemeral systems, was generally clear, accurate, and provided strong support for their role in retaining, transforming, and transporting materials to downstream systems. Additionally, the case studies on arid southwestern and prairie streams emphasize the downstream connectivity of ephemeral/intermittent systems. The literature review could be strengthened through the addition of studies employing a watershed modeling approach to more effectively to support the summary of field studies. The report provided strong evidence that streams can act as both sinks and sources for nitrogen to downstream ecosystems, via assimilatory uptake, transformation, and export, but the their role in P cycling and stream metabolism of carbon (via primary production and community respiration) would add additional support for stream connectivity.





Specific comments to strengthen and/or clarify text of 4. Streams: physical, chemical and biological connections to rivers: 


P4-1, L9-12: Phosphorus should also be added to this statement, both in source and sink examples. 


P4-2, L34-35: IN noting that databases and maps do not accurately reflect true extent of headwaters, and thus these resources should not be used, it does not say what resources should be used as better alternative. 


P4-4, L14-15: I don’t know what “variation in river hydrologic response over space” means; consider rephrasing. 


P4-6, L20-21 and P4-7, L9-10 then further explained in P4-8 L4 onwards: Consider introducing the idea of “variable residence times” earlier to explain why tracer dyes disperse as they move downstream. I don’t think is only the effect of travel distance over larger spatial scales that causes dispersion, as noted on P4-8 L4. 


P4-11, L1-2: I don’t recall the definition for symmetry ratio being presented earlier; perhaps it should be presented here. 


P4-11, L29-32: Wood also provides a substrate for potentially important microbial biofilms for nutrient uptake and as a food resource for higher trophic levels (e.g., Tank and Webster 1998, Eggert and Wallace 2007).  


P4-16, L25-35: This paragraph introducing nutrients as examples of how streams and rivers are chemically connected relies heavily on Alexander et al 2000 and 2007 which focus on results from the SPARROW model. To demonstrate breadth of the literature review, other modeling studies examining same topic but used contrasting modeling approaches should also be reported (e.g., Seitzinger et al. 2002, Donner et al. 2004, Wollheim et al 2006, Wollheim et al. 2008).


P4-17, L24-27: Concentrations in uM should be converted to ug/L to be consistent with the rest of the report.


P4-18, L19-23: The characterization of the LINXI study (Lotic Intersite Nitrogen eXperiments, as summarized in Peterson et al. 2001, and site-specific studies contained therein) could be improved in this text. Stable isotope tracer additions using 15N-NH4 in 12 streams located in different biomes were used to demonstrate how ammonium in headwaters streams is efficiently retained (via assimilatory uptake) and transformed (via nitrification).  


P4-19, L1-6: Again, the characterization of the results from the Helton et al. 2011 paper could be refined, as currently the description distracts from, rather than supports, the nutrient connection between headwaters and rivers. Helton et al. reports on the results from a network model parameterized using empirical measurements of nitrate removal using 15N-NO3 tracer additions as part of the LINXII study (reported in Mulholland et al. 2008), combined with synoptic sampling of nitrate concentrations in 8 watersheds with varying land-use conditions. The results from the modeling effort suggested that it is important to include interactions with the floodplain, wetlands, riparian zone and hyporheic zone in order to accurately predict nitrate export from watersheds. 


P4-20, L9-17: It should be noted in the context of spiraling theory, nutrients are cycled, as well as transformed, multiple times as they move downstream; by mentioning only cycling, one loses the important role of transformation (as emphasized in Peterson et al. 2001) which is especially efficient in headwater streams with high bioreactive surface area to water volume ratios. As written now, the text in this paragraph does not link well with following that highlights transformations (L18).


P4-20, L31-33: It is erroneous to characterize the main result of nitrification as reducing the potential for ammonium toxicity, and that it only occurs in undisturbed streams. In fact microbially-mediated nitrification is ubiquitous in streams (Mulholland et al. 2000, Kemp and Dodds 2001, Strauss et al. 2002, Findlay and Sinsabaugh 2003, Starry et al. 2005) and is an integral link in the N cycle, providing substrate for the rate-limiting step (nitrate availability) for denitrification which is important permanent sink for N.   


P4-21, L5-10: The role of denitrification in agriculturally impacted headwater streams needs to be clarified and the invoked role of altered hydrology is unclear. Microbial denitrification in agriculturally impacted streams is very high due to high nitrate availability along with anoxic conditions, and organic rich sediments (e.g., Mulholland et al 2008, Kemp and Dodds 2002, Bohlke et al. 2004, Laursen and Seitzinger 2004, Schaller et al. 2004, Inwood et al. 2005, Arango et al. 2007, Roley et al. 2012) Yet, although transformation rates are high, nitrate loads are usually excessive, and denitrification cannot keep pace with loading (as articulated in Royer et al. 2004). The effect of altered hydrology (tile-drainage and channelization) increases loading, but the term “through-put mode” as used in the text implies the biology is not functioning which is not the case. 


P4-21, L11-17: The role of headwater streams as a source and sink for both dissolved and particulate phosphorus is not adequate. In this report only 2 studies are described; Meyer (1979) where a budget approach was used in a forested stream and Simmons (2010) reporting on sediment P dynamics in a stream with acid mine drainage. Significant contributions about the role of headwater streams in retaining dissolved phosphate should be described to bolster this section including Mulholland et al. 1990, Webster et al. 1991, Marti and Sabater 1996, Hall et al. 2002, Hall and Tank 2003. 


P4-21, L35-36: In covering the dynamics of carbon processing along river networks, it would be good to include a diagram illustrating the River Continuum Concept (Vannote et al. 1980).  


P4-22, L25-26: The mention of primary production here is the one and only place it is mentioned throughout and its role in carbon cycling as well as the fundamental link to nutrient cycling should be noted (e.g., Hall and Tank 2003). As written, mention of metabolism in headwater streams seems tacked on and unsupported and there is rich literature supporting this role (reviewed in Tank et al. 2010, meta-analysis in Marcarelli et al. 2011). 


P4-22, L27-33: The role of microbial processing in the decomposition of organic matter, and subsequent role in supporting stream and river food webs could be described more clearly. As written references referring to processing or course and fine particulate organic matter are interspersed and the continuum concept is lost. Also some citation classics should be mentioned that provided foundation for these concepts (e.g., Minshall et al. 1983, Cummins 1974).


P4-23, L23-28: The role of increasing discharge on the estimation of spiraling length has not been discussed and has a strong influence via increasing velocities and depths associated with increasing size. 


P4-25, L4-16: The conclusion paragraph on the importance of headwater streams on organic matter dynamics downstream river network could be improved. As presented, this paragraph is somewhat confusing and speculative. 


P4-26, L4-14: Section 4.4.4 on Contaminants could be strengthened by adding breadth to the contaminants that are covered in this section. As presented, the section that would include discussion on contaminants from urban land sue (in this case wastewater treatment) is only mentioned in a single line with one reference (Rowan et al. 1995). The rest of the section (through P4-29) is devoted to contaminants from predominantly mining activities. Although the examples detailed are also excellent examples of connectivity, there is an opportunity to expand the contaminants section to include urban contaminants in general; for example a starting point for review of urban stream contaminants is given in Paul and Meyer 2011. 


P4-29, L6: The section on contaminants would benefit from some concluding or summary statements. 


P4-33, L18; Section 4.5.3 on Genes would benefit from a clarification of genes from what particular types of organisms are being described- on which organisms has this work been done?  For example P4-34, L18: Statement refers to “stream populations”; what organisms are referred to here (e.g., fishes, macroinvertebrates)? 


P4-35, L12: Paragraph on overland dispersal from headwater organisms to maintain genetic diversity at watershed scale could be expanded to include other studies; this is a rapidly growing area of interest (examples Krosch et al. 2011 and citations therein, MacNeale et al 2005).


P4-36, L15: “Nitrogen and carbon” should be replaced with “Nutrients” as the cycling of phosphorus from streams to rivers should not be omitted.  


P 4-42, L28-33: It may be an overgeneralization to say that all streams and rivers in the central US contain elevated nutrient loads (as N and P); perhaps better to say “majority”? 


P4-50, L1-2: Statement would be better placed in context if noted that headwater streams in the agricultural Midwest of MRB contribute even more of the N load to the Gulf of Mexico. 


P4-66, L31: Section 4.8.5 on Other Southwestern Rivers is quite limited and could be expanded to better support the case study of the San Pedro River. Huge body of work on desert streams of southwest beginning way back with classics like Fisher et al 1982, Grimm 1987, Grimm 1988, to more recent publications like Fellows et al 2001, Sponseller and Fisher 2006. 





Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.


 


General Comments: In general, the document outlined strong scientific support for the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems via their role in retaining, transforming, and transporting materials. The case studies on prairie streams and arid streams of the southwest especially supported the downstream connectivity of ephemeral and intermittent streams.





Charge Question 4(a). Comments on EPA’s review and characterization of the literature on the (directional) downstream connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes.





General Comments: The review and characterization of the literature supporting the downstream connectivity of riparian and floodplain wetlands was generally clear, accurate, and provided strong support for their role in retaining, transforming, and transporting materials to downstream systems. The review could be improved by additional support from the literature quantifying the role of floodplains in mitigating downstream nutrient/sediment transport to rivers. The text that generally reviewed riparian zones could be narrowed to riparian wetlands in order to provide a more focused treatment and better understanding of the role of wetlands in the transport and retention of nutrients and other materials. In addition, the review on the role of wetlands/floodplains in processing, retaining and exporting carbon to downstream water bodies needs to be expanded, and should tap into a rich literature base that also covers dissolved organic matter dynamics.





Specific comments to strengthen and/or clarify text of section 5.3 Riparian and Floodplain Wetlands: 


P5-6, L17: The restoration of the Kissimmee River and its associated floodplain habitats is a strong example of downstream linkages, but would be strengthened by inclusion of literature on the results of the restoration after 1995. A bibliography on the restoration with many publications is available at the South FL Water Mgmt Dist http://www.sfwmd.gov/portal/page/portal/xrepository/sfwmd_repository_pdf/kissim_bibliography2008.pdf 


P5-9, L 25-34: The section on the influence of riparian shading on stream primary production is out of place and should be located in Section 4, perhaps to be included in the carbon cycling section or as a link between nutrients and carbon cycling. Additionally the text is limited to just a few references and could be expanded considerably. Suggestions are given in my comments above about P4-22, L25-26.


P5-10, L1: The introduction to section 5.3.2 could be clarified. It is unclear whether the following text focuses on riparian zones in general or riparian wetlands specifically. Additionally comments about links between hyporheic zone and riparian wetlands are unclear (L9). Finally, I would suggest that key processes known to be significant in wetlands (e.g., denitrification) should be mentioned specifically, not in vague terms like “redox reactions” (L17).


P5-11, L7: The section on nitrogen cycling in wetlands could be strengthened with a review of the role of floodplain and riparian wetlands on N cycling and export to downstream waters, rather than general riparian literature. The following citations (and citations therein) could be included to support the role of wetlands in cycling nitrogen, mostly via denitrification (Hernandez and Mitsch 2007, Forshay and Stanley 2005, Fennessy and Cronk 1997, Hayock and Pinnay 1993, Mitsch and Gosselink 2000, Groffman et al. 1991, Jordan et al. 1993, Lowrance et al. 1984, Mayer et al. 2007, Roley et al. 2012). 


P5-12, L4: The section on phosphorus cycling in wetlands could be strengthened with an expansion of the literature reviewed. The following citations (and citations therein) could be included to support the role of wetlands in cycling phosphorus (Craft and Casey 2000, Johnston et al 2001, Osborne and Kovacic 1993, Noe and Hupp 2005, Vought et al. 1994). In addition, some clarification about which studies examined the removal/cycling of particulate P vs. dissolved P in wetlands/floodplains would strengthen this section. 


P5-13, L7-31: This section of text describes the dynamics of allochthonous inputs to streams and is not best placed in the wetland section. This text is better placed in the organic matter cycling section of section 4: streams. Thus the literature review on the role of wetlands/floodplains in processing, retaining and exporting carbon to downstream water bodies needs to be revisited, and should tap into a rich literature base including dissolved organic matter as well. 


P5-18, L33-34: It is not clear how beaver dams have an effect on coho salmon and this statement could be expanded. 


P5-19, L1-13: The example of the elk-mediated trophic cascade and its influence on riparian vegetation could be more succinctly stated in the Vertebrate section.


P5-20, L6-12: The summary of the results from Jenkins and Boulton (2003) are indented and numbered, which throughout the rest of the document, is reserved for section summaries or conclusions. Current formatting gives unnecessary weight to this study and points could be incorporate into normal text body.  


P5-20, L26: Replace “riparian areas” with “floodplains/wetlands” to better reflect focus of section/task. 





Charge Question 4(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes are supported by the available science. 





General Comments: In general, the document outlined strong scientific support for the conclusions concerning the connectivity of riparian and floodplain wetlands to downstream ecosystems via their role in retaining, transforming, exchanging, and transporting materials which include nutrients, other chemicals, and organisms. 





Charge Question 5(a). Comments on EPA’s review and characterization of the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. 





General Comments: The review and characterization of the literature supporting the downstream connectivity of unidirectional wetlands was accurate and provided evidence that they influence downstream systems either through periodic connections or when isolated in the landscape. Additionally, they provide ecosystem services similar to those of bidirectional wetlands in that they retain, transform, and sometimes transport materials (including chemicals and organisms) to downstream systems.  





Specific comments to strengthen and/or clarify text of section 5.4 Unidirectional Wetlands: 


P5-27, L14: Avoid term “pollutant” here as nitrogen and phosphorus are only pollutants when occurring in excess of biological demand. 


P5-27, L32: Does “Nitrogen” refer to particulate or organic N here? Otherwise it is redundant with ammonium and nitrate in list. 


P5-28, L16: Mercury is not “created” by wetlands and should be reworded. 


P5-28, L29-30: The statement about wetland-derived DOM having negative influence on downstream waters due to its interaction with contaminants is overstated- it occurs under certain conditions. 





Charge Question 5(b). Comments on whether EPA’s findings and conclusions concerning directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes are supported by the available science. 





General Comments: The document outlined scientific support that unidirectional wetlands are connected to downstream ecosystems through their functional attributes that benefit downstream ecosystems. They perform similar functions as bidirectional wetlands in that they retain, transform, and periodically transport water and materials. I did not agree with the conclusion that the scientific literature did not provide sufficient support regarding connectivity and feel this conclusion was somewhat in opposition to the literature review contained in section 5.4. In addition, the case studies of the Prairie Pothole Region and the Carolina and Delmarva Bays demonstrates times and places where unidirectional wetlands are connected to downstream systems, as well as times and places where isolation of these systems serves a beneficial function to downstream systems (e.g., dampening flood pulse during precipitation events).     





Specific comments to strengthen and/or clarify text of section 5.5 Wetlands Synthesis and Implications and Sections 5.6-5.9 Case Studies: 


P5-38, Table 5.3: The table could be improved by focusing more on the specifics functions of riparian wetlands and floodplains rather than including statements about riparian zones in general. Although valid, it distracts from support for specific linkages of wetlands by being overly general. 


P5-40, L30: This paragraph surprised me as it seems to back-peddle on all that has been presented previously about the connectivity of unidirectional wetlands. The reviewed literature as presented provided times and places where connectivity was demonstrated clearly.


P5-41, L22-33: This text appears repetitive in that the points about how wetlands can be miscategorized as geographically isolated was just presented P5-46, L18. Restating in brief is preferable. 


P5-51, Fig 5-1: A timescale for this figure should be included in the legend. Is this for present day? 


P5-57, L18-20: This statement identifying a lack of connectivity seems to contradict the evidence presented as part of the case study.


P5-64, L19-21: It would be helpful to add that more empirical studies and monitoring data are needed in addition to modeling studies, particularly because these data are needed to parameterize models.   


P5-73, L3-5: This is an important statement/topic about climate variation, but a citation is needed to support the statement. 


 


Specific comments to strengthen and/or clarify text of section 6. Conclusions and Discussion:


P6-1, L36: Replace “playa lakes” with “ponded depressional wetlands” (e.g., Prairie Potholes and Carolina Bays) so as to include what was covered in the case studies. If vernal pools = playa lakes then their inclusion is redundant in list. 


P6-2, L9-1: Previously stated disagreement with this conclusion. 


P6-2, L14-15: Equivocal wording is confusing. 


P6-2, L34-36: This is an unclear statement about the role of nutrient spiraling in linking streams and downstream ecosystems.  
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[bookmark: _Toc374538488]Dr. Maurice Valett








1) Overall Clarity and Technical Accuracy of the Draft Report





Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.








Specific issues relevant to Chapters 1& 2:





A few technical issues exist in Chapter #1 that should be addressed:





Page 1-1, Line 20&21: The Executive Summary suggests the ‘watershed scale’ as ‘appropriate’ for the conceptual framework. At the same time, watershed is a confusing word that is used differently by different disciplines (e.g., watershed vs. catchment). Later (Page 1-1, Line 30) the report addresses


‘landscape settings’ relevant to wetlands. I propose that the ‘landscape scale’ is the more appropriate reference to use on Line 20&21 for reasons the report itself employs.





Page 1-3, Line 26&27: This line needs to be reworded as ‘assimilation and transformation’ do not in and of themselves alter ‘nutrient loading’ without specifically addressing the ‘transformation’ as a ‘removal’ process (e.g., denitrification).





Page 1-3, Lines 35-38: These lines argue that wetlands ‘serve an important role’ because of their influence as sinks for materials that could ‘otherwise negatively impact’ conditions. The importance of their role as a sink lies in their influence on the quantity and quality of materials supplied to downstream environments regardless of its ‘good or bad’ influence. The important thing is to note that ‘sinks’ alter fluxes that link elements of the drainage system. No ‘good or bad’ judgment is required.





Page 1-3 & 1-4 – Major Conclusion #3: The logic employed for the above argument is directly relevant to the conclusion reached for ‘isolated’ wetlands. Their role as a sink influences the magnitude and character of linkages to down-gradient elements of the landscape.





General Comments:





In general, I found the report to be well written, well organized, and informative. The review of the literature reflects a good deal of effort and a broad perspective.





I have deduced that the case studies were chosen to reflect conditions under which linking waters of interest to down-gradient system is comparatively problematic given temporal and spatial variability in the most visibly evident component of connection, i.e., water flow. The chosen examples are appropriate and logical. In general, those cases are well presented. I do feel, however, that a substantial body of work on semi-arid water ways relevant to the connectivity issue has been overlooked. I am referring to the seminal work of SG Fisher and NB Grimm at Sycamore Creek, AZ. These efforts address the spatial and temporal character of nexus in a representative ‘desert stream’. Accordingly, they are most appropriately applicable to Chapter #4 and I address them specifically in that section below. There I provide a series of suggestions


as to how their work is relevant to the issues of downstream connections in general, and how it pertains directly to intermittent system case studies.





Regarding the applicability of the literature reviewed, I did not find any literature cited or studies addressed to be ‘irrelevant’ and thus inappropriate. I did find some of the terminology employed to be initially puzzling, but more readily understood when addressed under the context of the wording employed by the rulings relevant to the CAB’s charge.





The scope of the effort provided by the ORD is broad and daunting. Scientific assessment of all of the areas relevant for consideration does exist; it is evident, however, that the expressed interest suggests a broad need for continued funding for this work. The US harbors an extensive talent in this area. Its productivity and service to the government of the US, however, is under-utilized and it is ironic that the work is in place and eager to engage, but unable to do so based on short-sighted financial perspectives.








2) Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure and  Function 	





Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report.





Valett comments:





I found this chapter to be well constructed with arguments and conclusions strongly rooted in the literature presented. I have included some suggestions for inclusion and consideration below.





From the onset (Page 3-1, Line 10) the framework employs a ‘systems’ approach at a ‘landscape’ scale. I believe this to be a strength of the framework as the connections of interest can be viewed as ‘emergent properties’ not readily perceived at smaller scales.





Page 3-5, Lines 13-17: The definition of a wetland employed herein is consistent with that originally published by Cowardin in 1979 and again emphasized in Cowardin and Golet (1995) as used by the US Fish and Wildlife Service 1979 wetland classification protocol (Vegetatio 118:139-152). In the context of wetland management, therefor, the applied definition is appropriate.





Page 3-7: Here the conceptual framework identifies ‘unidirectional’ and ‘bidirectional’ conditions as


‘landscape settings’. Such an approach employs a broader-based assessment of wetlands than is applied through wetland classification (See Page 3-8, Lines 11 & 12).   As such, it avoids taxonomy and emphasizes ‘function’ with particular focus on connectivity. The report does a good job of avoiding circularity when addressing the extent and character of connection within these broad settings.





Page 3-8; Lines 27-35: The term ‘geographically isolated’ is identified here in the context of being surrounded by ‘uplands’. With a strong scientific basis, the concept is rendered relatively inapplicable as the degree of ‘isolation’ is recognized to be a gradient without distinct ‘categories’. As such, its usefulness is limited, but perhaps required given past terminology.





Page 3-25,Lines 1-11: While this paragraph makes the cogent argument that ‘most’ materials in a stream are provided ‘from either the upstream river network or other components of the river system’, this statement fails to recognize the influence of ‘in-stream production’ on many materials. That production is intimately coupled to the upstream supplies emphasized in this paragraph, but in many systems (e.g., deserts, prairies) in-stream production can be of comparable magnitude to other vectors of supply.





Page 3-25, Lines 18-21: Table 3-1 provides 5 robust functions through which streams and wetlands may link to downstream locations and conditions. This is a strong and well-argued approach to take. It is a strength of the conceptual framework. Clarification of ‘potential function’ is critical here as it pertains to protection under law and is an appropriate inclusion criterion.





Page 3-28, Lines 6-8: Emphasis on the combined influences of ‘connectivity and function’ is a strong basis


for the conceptual framework for the report.   It combines the essence of many approaches to understanding the nature of linked systems (see Valett et al. 1996, Limnol. Oceanogr. 41:333-345).





3) Lotic Systems: Ephemeral, Intermittent, and Perennial Streams 	





3(a) Chapter 4 of the Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.











Valett comments:





Chapter #4 is a strong chapter. It uses the literature well, but I have also identifed a a number of sources of work that need to be included here.





Page 4-4, Lines 14-34: Use of scaling laws here is a good way to address the ‘regionalization’ issues associated with generalizing characterizing connectivity. This may help with some sense of the magnitude of physical linkage.











Page 4-8; Line 5: Should be rewritten to read ‘...areas are characterized by little and highly variable...’. Low and high refer to elevation, despite popular usage.





Page 4-9, Lines 1&2:   The interception of channel flow in semi-arid landscapes not only recharge alluvial aquifers but promote subsurface ‘streams’ that influence the structure and function of adjacent and downstream above-ground streams (Stanley, E. H., and H. M. Valett. 1992. Interactions between drying and the hyporheic zone. Troubled waters of the greenhouse earth. P. Firth & S.G. Fisher (eds.), pp.


234-249. edition. Springer Verlag, New York.)





Page 4-18: 16-18: This area of research focuses on biological influences on chemical pattern and how these patterns reflect upstream-downstream linkages.   This area of work was the focus of research by SG Fisher and NB Grimm in the Sycamore Creek watershed outside of Phoenix, AZ. There are a number of excellent papers produced by this group that are directly relevant to the issues addressed in this section of the report (i.e., Chapter 4). They should be presented in the numerous places that they are relevant. I will point them out as they occur in my review.





Lines 16-18: Dent et al. (1999; Dent, C. L., and N. B. Grimm. 1999. Spatial Heterogeneity of Stream Water Nutrient Concentrations over successional time. Ecology 80(7):2283-229) use geospatial statistics to show how longitudinal linkages in chemical structure vary with season and discharge in Sycamore Creek.





Page 4-19; Lines 29-31: The contention that the spiral length can be represented by the ‘uptake length’ is good only for systems where most of the nutrient in transport is inorganic. Not good for larger systems, nor those that are more autotrophic in character.





Page 4-20, Lines 11 & 12: Cycling tends to accumulate organic forms that are transported long distances compared to inorganic forms (i.e., nutrient in organic form are less labile than inorganic forms). This is really true when comparing small organic particles (and their associated nutrients) with inorganic dissolved solutes (Webster, J. R., E. F. Benfield, T. P. Ehrman, M. A. Schaeffer, J. L. Tank, J. J. Hutchens, and D. J. D'angelo. 1999. What happens to allochthonous material that falls into streams? A synthesis of new and published information from Coweeta. Freshwater Biology 41:687-705.).





Page 4-20; Line 26: This is true for some conditions, but as indicated the increased storage is temporary and steady-state must occur both logically and as expressed by mass-balance. We showed how this characterizes most headwater systems and thus necessitates downstream linkage (Brookshire, E.N., H.M. Valett, and S. Gerber. 2009. Maintenance of terrestrial nutrient loss signatures during in-stream transport. Ecology. 90:293-299).





Page 4-26 – Contaminants:   Shouldn’t there be some ‘rotenone’ examples in here?   I am sure they will illustrate linkage. Wiley, R. W. 2008. The 1962 Rotenone Treatment of the Green River, Wyoming and Utah, Revisited: Lessons Learned. Fisheries 33:611-617.





Page 4-27: Metals literature is really important here. More longitudinal studies exist that help with this argument. Will Clement’s work on the Arkansas showed longitudinal linkage to inputs and Bryant Kimball and Rob Runkel’s work on synoptic sampling (Kimball, B. A., R. L. Runkel, K. Walton-Day, and K. E. Bencala. 2002. Assessment of metal loads in watersheds affected by acid mine drainage by using tracer injection and synoptic sampling: Cement Creek, Colorado, USA. Applied Geochemistry 17:1183-1207.; Runkel, R. L., and B. A. Kimball. 2002. Evaluating remedial alternatives for an acid mine drainage stream: application of a reactive transport model. Environmental Science & Technology 36:1093-1101.)





Page 4-30; Line 12: This statement is not well constructed. Populations do not ‘compensate’ for anything. Rewording is necessary.





Page 4-34; Lines 24-28: Sokol et al. 2011 (Sokol, E. R., E. F. Benfield, L. K. Belden, and H. M. Valett.


2011. The assembly of ecological communities inferred form taxonomic and functional composition. American Naturalist 177:630-644.) showed linkage among aquatic invertebrates across multiple watersheds.





Page 4-35; Lines 17-22: Data exist on the distances over which organisms are genetically linked in stream systems (Bunn, S.E. and J.M. Hughes 1997. Dispersal and recruitment in streams: evidence from genetic studies. Journal of the North American Benthological Society. 16:338-346.





Page 4-37; Table 4-1: Source function should include ‘disturbance’ in the sense that streams are the origin of down-gradient floods that act, not just as floods, but as agents of disturbance. See comments on page #6 of this document.





3(b) Conclusion (1) in section 1.4.1 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3(a) above. Please comment on whether the conclusions and findings in section 1.4.1 are supported by the available science.   Please suggest alternative wording for any conclusions and findings that are not fully supported.





Section 1.4.1 provides six ‘key findings’ related to the topic of connectivity and effects of ephemeral, intermittent, and perennial streams. In ascending order: 1) stream are hydrologically linked to downstream waters – This finding is very well documented by the literature reported; 2) Headwaters convey flow into


temporary storage zones that support base flow at later times – This pattern of behavior is well documented in the literature and is frequently addressed using ‘transient’ modeling to show temporary accumulation of water in alluvial storage associated with headwater stream behavior (e.g., Wroblicky, G. J., M. E. Campana, H. M. Valett, and C. N. Dahm. 1998. Seasonal Variation in Surface-subsurface Water Exchange and Lateral Hyporheic Area of Two Stream-aquifer Systems. Water Resources Research 34:317-328.). The Wroblicky et al 1998 work is in semi-arid headwater streams in New Mexico. 3) Infrequent flows are important in transmitting materials – Work in semi-arid systems like Sycamore Creek, AZ shows how material accumulates between floods, but is then transported to downstream reaches during infrequent, high-magnitude flows (Fisher, S. G., L. G. Gray, N. B. Grimm, and D. E. Busch. 1982. Temporal succession in a desert stream ecosystem following flash flooding. Ecological Monographs 43:421-439.) 4) Linkage provides opportunity for sequential processing – This is solidly rooted in the nutrient spiraling concept as described. 5) Headwater streams act as sources and/or sinks of N – This finding is very well documented across space and time in studies of lotic ecosystems in multiple countries and biomes. 6) Headwater streams are critical habitat for organisms capable of moving throughout the riverscape– This is the observation that started the field of stream ecology and remains central to many of its ideas.





One critical component of the ecology of prairie and semi-arid systems, and of lotic systems in general, that is not particularly well fleshed out relates to the implications of disturbance for longitudinal linkage and, in particular, the role of floods in this regard. The idea is addressed on Page 4-10, Line 5 when the report points out that ‘during disturbance’ small streams may have large effects on rivers. That should really read ‘during flooding’. On the other hand, the theory of ‘disturbance ecology’ suggests that systems


‘open up’ as the result of disturbance and those disturbance effects are carried greater distances downstream (Likens et al. 1978). Those disturbances can arise from outside of the system (as mentioned in the report for wood recruitment, Pages 4-9 to 4-11), but in the case of flooding the influences are two-fold:


1) the creation of a very strong down-gradient linkage vector, and 2) the removal of biological processes responsible for retaining materials....and thus shortening the scope of downstream linkage (e.g., shorter spiraling or processing lengths). These ideas are central to research on Sycamore Creek and can be found in Grimm (1987; Grimm, N. B. 1987. Nitrogen dynamics during succession in a desert stream. Ecology


68:1157-1170), Marti et al. (1997: Marti, E., N. B. Grimm, and S. G. Fisher. 1997. Pre- and post-flood retention efficiency of nitrogen in a Sonoran Desert stream. Journal of the North American Benthological Society 16:805-819), and Fisher et al. 1989 (Fisher, S. G., N. B. Grimm, E. Marti, R. M. Holmes, and J. B. Jones. 1998. Material Spiraling in Stream Corridors: A Telescoping Ecosystem Model. Ecosystems


1:19-34) and Fisher (2004; Fisher, S. G., R. A. Sponseller, and J. B. Heffernan. 2004. Horizons in stream biogeochemistry: Flowpaths to progress. Ecology 85:2369–2379.





In general, the linkage that occurs during flooding seems to be underrepresented herein. Surely there are examples of downstream erosion and or deposition that can be added to the notion of flood wave transmission. The idea that water from headwater streams causes disturbance in larger systems is a substantial example of linkage.





4) Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional  Hydrologic Flows with Rivers and Lakes 	





4(a) Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Valett comments:





I though this chapter was well constructued and organized. I agree with the logic behind these ‘types’. I agree with the broadly based decision to address ‘landscape settings’as an approach to understanding, or perhaps more accurately, addressing the distinction applied to wetlands found within the active channel (i.e., that zone flooded annually by a flow of some specified recurrence interval) and those that occur outside of this realm. I, again, think that the issue of disturbance is relevant here. I recognize, however, that these ideas (succession and linkage changes during biotic recovery) are less well developed for wetlands in comparison to streams or rivers.





Page 5-3; Line 33&34: I think the decision to survey broadly the riparian literature is strongly justifiable. Indeed, the riparian zone began as a unit studied by botanists; it is now addressed by biogeochemists, hydrologists, engineers, and ecologist without being characterized as a ‘wetland’.   This fact does not reflect whether it actually serves as a wetland.





Page 5-6 & 5-7: The role of wetland storage of water is well described here within the stream network. Would it help to broaden this perspective and recognize that this is an established function for wetlands in all settings (e.g., coastal wetlands and storm surges)?





Page 5-7; Lines 32-34: The classic paper for this is Peterjohn and Correll (1984). It isn’t quoted until much later (Page 5-11, Line 15).





Page 5-8, Lines 3-10: A recent paper by Noe et al. (2013; Noe, G. B., C. R. Hupp, and N. B. Rybicki. 2013. Hydrogeomorphology Influences Soil Nitrogen and Phosphorus Mineralization in Floodplain Wetlands. Ecosystems 16:75-94) is an excellent study showing the sediment retention process for a river in Virginia. Should be added here.





Page 5-9, Line 33: This is poorly worded.   Limiting to ‘what’?   How about ‘Shading can cause light availability to limit rates of primary productivity in streams (....’





Page 5-10; Line 33: Again, the classic is Peterjohn and Correll (1984).





Page 5-11: Nitrogen – For whatever reason, discussion of the ‘riparian wetlands’ in respect to N has focused almost entirely on sub-surface influences. Innundation of the floodplain during high flows and the retention of N (and P) at this time is a critical part of the story. This is true throughout the drainage as


‘floodplains’ occur in a scaled manner along the continuum. Valett et al. (2005) illustrate how a floodplain does this for the Rio Grande using nutrient budgets. The same process happens in headwater systems as


shown by Brookshire and Cwyer (2003) for riparian wetlands in low-order systems of Oregon (Brookshire, E. N. J., and K. A. Dwire. 2003. Controls on patterns of coarse organic particle retention in headwater streams. Journal of the North American Benthological Society 22:17-34).











Page 5-11; Lines 3&4: The better reference for DOC pulse from autumnal leaves is Lush, D. L., and H. B. N. Hynes. 1978. The uptake of dissolved organic matter by a small spring stream. Hydrobiologia


60:271-275.





Page 5-11; Line 4: Better reference for water quality management is Naiman and DeCamps (1990) and certainly Vidon et al. (2010) since the terms are in the title.





Page 5-11; Lines 30-36: Vidon et al. (2010) seems to be referenced a great deal in the context of subsurface nutrient removal. There is a broad and varied literature to pull from here. This seems like the wrong place to be referencing a review article.





Hyporheic zones associated with floodplains are lost somewhere between Chapters 4 & 5. This is true for a great deal of work that addresses ‘near-stream’ flow paths that penetrate riparian systems. Stanford and Ward (1988) point out that the entire alluvial aquifer of the Flathead River is part of the hyporheic zone and is part of the floodplain wetland.   Where does that literature get fit into this perspective of riparian zones?





Page 5-12; Lines 34 & 35: Maybe I am missing something here regarding the reduction of terminal electron acceptors. In any case, the sentence seems to suggest that liberation of carbon dioxide results in more alkaline conditions.   Doesn’t seem correct.





Page 5-13; Lines 25-31: Declining riparian C inputs co-occur with enhanced floodplain interaction.








4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science.   Please suggest alternative wording for any conclusions and findings that are not fully supported.





Valett comments:





Across the board, I find these to be conservative and appropriate conclusions derived from Chapter 5’s address of bi-directional wetlands (i.e. Section 1.4.2).











5) Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands” 	





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





Valett comments:





This is a good section addressing an important landscape setting for wetlands. The links described rely on integration and distinction (i.e., isolation and uniqueness). It would be easy to say that those without strong material flows are not ‘connected’, but the connections occur in altering critical material budgets for


down-gradient systems. In this way, the links contain ‘information’, a historical currency for systems assessment.





5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science.   Please suggest alternative wording for any conclusions and findings that are not fully supported.





Valett comments:





The conclusions offered in Section 1.4.3 accurately portray the findings of the literature provided in Chapter 5’s assessment of unidirectional wetlands. I again state my support for the ‘landscape’ perspective employed in this context. Key Finding (a) points out that ‘isolated’ wetlands are often ‘connected’ and influence transmission of flood waters. Importantly, finding (d) addressing the issue of ‘isolation’ and makes the distinction between geographic and ‘functional’ isolation. Finally, Finding (f) is an important point to keep in mind. The nexus that exists for a complex of ‘isolated’ elements may occur at a very different scale than is expected from behavior of those individual elements. This is a critical point for all assessment of linkage between and among elements of a larger system (e.g., wetlands and tributaries within a broader drainage system).





Valett comments 									Page 230


[bookmark: _Toc374538489]Dr. Ellen Wohl








Wohl preliminary written comments in response to charge question 3(b)





The EPA’s findings and conclusions concerning directional (downstream) connectivity and the effects of ephemeral, intermittent and perennial streams, as stated in section 1.4.1, are very thorough, clearly written, and supported by the available science. I do not have any alternative wording to suggest for any conclusions or findings. On the contrary, I believe that this portion of the text represents an excellent balance between being concise, and thoroughly and carefully explaining the available science and the implications of that science in terms of understanding the effects of ephemeral, intermittent and perennial streams on directional connectivity


Wohl comments  									Page 231
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From: Mike Josselyn
To: Emily Bernhardt
Cc: Armitage, Thomas; ljohnson@d.umn.edu
Subject: Response to 5B
Date: Friday, January 31, 2014 9:42:25 AM


Emily:
 
I thought that I would reach out to you to see if you would like any assistance in recasting our
 Working Groups conclusions and recommendations into a text similar to that used for our response
 to 5A.   My concern is that it is a bit difficult to read as it is currently written and needs to be put
 into a text format.   In some cases, our recommendations for 5B are repetitive to those in 5A and in
 other cases, I am not sure they are explained well.
 
I can work on this next week, if you would like any assistance.  
 
Mike Josselyn



mailto:josselyn@wra-ca.com

mailto:ebernhar@duke.edu

mailto:Armitage.Thomas@epa.gov

mailto:ljohnson@d.umn.edu






From: Genevieve Ali
To: Mark Murphy
Cc: ljohnson@d.umn.edu; Armitage, Thomas; Goodman, Iris
Subject: Mark: your turn to edit. Please pass along to the next editor when you are done. Thanks...
Date: Friday, January 31, 2014 6:24:39 PM
Attachments: esb_Users_tarmitag_Documents_Wetland Connectivity_Subgroup responses to charge


 questions_Lentic_systems_5A_and_5B_1_29_14_clean.docx


I understand that Lucinda, Emily and I have been through the document already. Have a great week-
end,
G.
 
 
-- 


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP): wsrp@cc.umanitoba.ca
 
 
From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: January-31-14 3:48 PM
To: Genevieve Ali; Armitage, Thomas; Goodman, Iris
Subject: G: your turn to edit. Please pass along to the next editor when you are done. Thanks..
 
thank you.
 
Lucinda
-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota


(b) (6) (b) (6)
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1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





[bookmark: _GoBack]5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature publications on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (Ssee charge question 2 response for a detailed discussion on terminology.).


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See see Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland”, including geographically isolated wetlands. Major reviews that have been includedexist in the peer- reviewed literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references at the end of this response document and in Appendix X.   ] 



The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within between unidirectional wetlands and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2 group use or incorporate this framework.	Comment by Lucinda Johnson: See alternative text in red below.	Comment by Admin Emily Bernhardt: I am a fan of this 2nd alternative	Comment by Genevieve: In favor of 2nd alternative as well


[image: ]The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of a connection.  The Panel believes that such an analysis can be done and would be useful in determining the significance of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).  (The Panel recommends suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  	Comment by Genevieve: I would delete this sentence as the figure/conceptual diagram has been mentioned many times already and suggestions to rely on it have been made earlier in the text.





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.

OKAY – ITS IMPORTANT BUT NOT ESSENTIAL…

GA: I agree to leave the “novelty of chemistry” out for now. We might be able to include it later if other sub-groups also touch on it in their respective responses.






Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified. In particular, the Panel recommends that the EPA authors examine connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  The time frame for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.  Low frequency, but high magnitude connections can potentially radically change the chemical environment of downstream waters if they lead to the transfer of novel or toxic chemicals from isolated, polluted wetlands. To address the important issues of the timing of connectivity, the The P panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?

I tried to resolve that issue by moving the sentence.

GA: I think it reads OK now



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbances (and legacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection types or the trigger the transport of novel chemical or biological speciesnovelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”



3. The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths,  or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection flux that determines the strength of the linkagethe connection between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.	Comment by Genevieve: Should those two sentences be moved up so that they are read right after “The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered.”	Comment by Genevieve: Should those sentences be moved up so that they are read at the end of item #3? 





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we the Panel feels that it is disingenuous to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our owntheir expert knowledge of the subject. We The Panel offers these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.



Key Findings:


Key Finding a - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we the Panel suggests an additional key finding on the BIOLOGICAL FUNCTIONS of unidirectional wetlands:


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”


Key Finding c - no suggestions for improvement in existing text. The Panel sSuggesteds an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above preceding finding on “hydrologic connectivity”: 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. . 1) Activities by of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”



Key Finding g.  No suggestions for improvement in existing text.  


The Panel recommends adding including two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on the CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters.” 


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We The Panel directs the authors to the following references in support of this last statement.


· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.





1





image1.jpg









Duluth, MN 55811
218 720-4251












From: Jennifer Tank
To: Armitage, Thomas; Emma Rosi-Marshall
Cc: adr79@cornell.edu; Goodman, Iris; Stanford, Jack; Wohl,Ellen (Ellen.Wohl@colostate.edu)
Subject: Response to question 3(b)
Date: Friday, January 31, 2014 12:15:18 PM
Attachments: EPA SAB Charge Question 3b 31Jan14.docx


Dear Tom (with cc to Amanda, Iris)
Please find attached our draft Response to Question 3b.
We look forward to feedback from the larger group.
All best-
Jennifer (on behalf of Jack and Ellen)
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Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. For example, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. Additionally, it should also be emphasized that dynamic groundwater-surface water connections maintain the ecological integrity of ephemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  Finally, the conclusions could also be strengthened by clarifying when ephemeral headwaters provide critical habitat and insure corridors to move among habitats. 





3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. Some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. For example, flow in arid streams in urban environments can be dominated by waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM). Thus, real-world management scenarios contrast greatly with the situations described in the case study for arid streams. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


[bookmark: _GoBack]Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35-36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas; Goodman, Iris; Emily Bernhardt
Subject: Outcome of Wednesday"s discussion - requires urgent attention.
Date: Friday, January 31, 2014 1:28:00 PM
Attachments: C__Users_tarmitag_Documents_Wetland Connectivity_Subgroup responses to charge


 questions_Lentic_systems_5A_and_5B_1_29_14_clean.docx


Emily;


The group met via conference call on Wednesday.  Sorry you couldn't be on the call; I imagine
 you were affected by the weather.  


The group reviewed the attached document and recommended some subtle changes on the text
 here and there.  There was a considerable amt of discussion about the figure, with some
 discomfort on the novelty of chemistry component of the upper panel.  I think Tom and Iris
 were taking notes, and they can provide you with the context and content of that discussion if
 you wish--- the conclusion was that the group would prefer to delete the chemistry arrow.  In
 essence it was felt that the fluxes of volume / mass of inputs would cover the input of change
 in dissolved constituents, as well as particulate, so there was not a need to call that out
 separately.  HOWEVER, EVERYONE AGREED IT WOULD BE YOUR CALL, SINCE
 YOU MAY HAVE A DIFFERENT PERSPECTIVE ON THIS ISSUE.


Leading from that change in the diagram, there is now a hanging sentence referring to novel
 chemistry that is flagged on page 4.  Please also suggest how to deal with that in the context
 of the change to the diagram (if you agree to change it).


Tom and Iris encouraged us to frame the recommendations strongly, so we reworded and
 reformatted the whole section to that effect (e.g., The Panel recommends...).


We also reformatted the 5B section to be consistent with the other group submissions.
  (Instead of repeating the report text, we just refer to it.).


Please take a quick look at this and get back to the group if you have comments / suggestions
 about handling the figure.  Once that is resolved, we will edit the document sequentially until
 everyone in the Charge 5A, B group has had their final say.  Genevieve is the first on the list.
  She will forward it on to the next person in order, so that all the comments are embedded in
 the same document using track changes.  The final document will be sent to me.  We will then
 decide if it is ready for Tom to send out to the other groups at that time.  Tom and Iris would
 like to get the final draft of our sections incorporated into a draft report as soon as possible.
  (see email from Tom about this deadline).


Thanks for your help.  


Stay warm.


Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute


(b) (6)
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1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (See charge question 2 response for a detailed discussion on terminology.)


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are major drivers of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland” including geographically isolated wetlands. Major reviews that have been included in the peer review literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references in their individual comments.   ] 



[bookmark: _GoBack]The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within unidirectional wetlands. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2  group use or incorporate this framework.	Comment by Lucinda Johnson: See alternative text in red below.


The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of a connection.  The Panel believes that such an analysis can be done and would be useful in determining the significance of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient.  (The Panel recommends that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  


[image: ]Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.







Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified. In particular, the Panel recommends that the EPA examine connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  The time frame for groundwater dynamics occurs at different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.  The Panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbance (and legacies) alter type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection type or the novelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”



3. The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection that determines the strength of the linkage between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we feel that it is disingenuous to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our own expert knowledge of the subject. We offer these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.



Key Findings:


Key Finding a - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we suggest additional key finding on BIOLOGICAL FUNCTIONS of unidirectional wetlands


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”


Key Finding c - no suggestions for improvement in existing text. Suggested additional key finding on BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above finding on “hydrologic connectivity”: 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms. 1) Activities by biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can occur among waters with varying frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”



Key Finding g.  No suggestions for improvement in existing text.  The Panel recommends adding two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration hydrologic, biologic and chemical fluxes or transfers to downstream waters.”


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We direct authors to the following references in support of this statement.


· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.
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Attachments: EPA SAB Charge Question 3b 31Jan14.docx


Dear Tom (with cc to Amanda, Iris)
Please find attached our draft Response to Question 3b.
We look forward to feedback from the larger group.
All best-
Jennifer (on behalf of Jack and Ellen)
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Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. For example, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. Additionally, it should also be emphasized that dynamic groundwater-surface water connections maintain the ecological integrity of ephemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  Finally, the conclusions could also be strengthened by clarifying when ephemeral headwaters provide critical habitat and insure corridors to move among habitats. 





3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. Some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. For example, flow in arid streams in urban environments can be dominated by waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM). Thus, real-world management scenarios contrast greatly with the situations described in the case study for arid streams. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


[bookmark: _GoBack]Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35-36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  
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3.5.	Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





3.5.1.	Review of the Literature on Waters and Wetlands with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes 





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable. As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands.” The SAB finds that the exclusive focus in Section 5.4 and other parts of the Report on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters. The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections. The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution. As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections. The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes. In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





 3.5.1.1.  Summary of the Literature on “Unidirectional” Wetlands





The SAB finds that the Report captures the most relevant literature on “unidirectional wetlands,” including “geographically isolated wetlands,” as defined in the Report. The Report’s bibliography includes major review papers from the peer-reviewed literature. To these, the SAB recommends adding the 2013 review paper, “Concepts of hydrological connectivity: research approaches, pathways and future agendas,” by L.J. Bracken, et al. The SAB also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added to the Report. It is particularly important to include findings from additional literature on the biological exchanges between unidirectional wetlands and downstream waters created by major species assemblages (e.g., amphibians, birds, reptiles, and invertebrates). These biological exchanges potentially influence the biological integrity of downstream waters through bulk exchange of materials (e.g., energy, nutrients, and contaminants), introduction of disease vectors or other living matter, or provision of habitat essential for biological integrity and completion of life cycles of downstream species.





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. be added to the Report.





· The EPA should consider adding to the Report additional publications on the subject of biological connections, including those referenced in this SAB report. It is especially important to review publications which analyze material flows generated by avian fauna.





· The SAB recommends that the EPA also consider adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).


3.5.1.2.  Clarification of Terms in Section 5.4 of the Report





The SAB finds that the new term “unidirectional wetlands “ as used in the Report implies a sole focus on one-way hydrologic flows, when in fact, connectivity can have many dimensions. These dimensions include not only connections to surface and shallow subsurface water flows, but also to chemical and biological functions that provide connectivity. The SAB suggests that the draft Report’s new wetland terms be replaced; i.e., “bidirectional wetlands” would be redefined as those within floodplains, and “unidirectional wetlands” as those not within a floodplain (i.e., non-floodplain wetlands). The influence of these wetlands on downstream connectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the terms “non-floodplain wetlands” and “floodplain wetlands.”





3.5.1.3.  Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework having multiple flowpaths that correspond to the multiple dimensions of connectivity. The five functional flowpaths used to describe connectivity the draft Report (i.e., source, sink, refuge, lag, transformation) are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential way to map the five flowpaths across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functions provided by non-floodplain (“unidirectional”) wetlands to downstream waters. 





Similarly the SAB recommends that Figure 1, shown below, be used to frame the discussion about the type and gradient of various connections between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s new nomenclature). 





These multiple dimensions of connectivity to downstream waters include connections provided by surface waters, ground water, chemical transformation, and biological functions. Each dimension of connectivity should be arrayed as a gradient, as illustrated in Figure 1. This approach could be used to synthesize findings from the literature in terms of the degree of connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:1]) rather than just the presence of any connection. Endpoints for each gradient should be identified where possible. For example, terminal salt lakes and playas are examples of wetlands and open water bodies that have weak hydrologic connections. The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.  [1:  Note that, in this context, frequency, magnitude, and duration, apply to all five functional flowpaths, and not to just hydrologic connectivity.] 






[image: ]





Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.








Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify the degree of each connection to the degree possible.





3.5.1.4.  Temporal and Spatial Scales of Connections Among Non-Floodplain Wetlands and Open 


	  Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency and duration of connections quantified to the degree permitted in the literature. In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g., days versus thousands of years) to establish the magnitude, duration and frequency of connections. For example, groundwater dynamics occur at a much longer time scales than that of surface and shallow subsurface flows. Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water quality. On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods. High magnitude floods may infrequently connect wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants with subsequent long-lived damaging effects. Such instances are likely to be unusual circumstances and case specific. Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 





The SAB recommends that the authors consider including in the Report the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands. The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude. That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways. A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies.  














Recommendations





· The EPA should recognize in the Report that all aquatic habitats are connected to downstream water over sufficiently long time scales.





· The EPA should assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.





[bookmark: OLE_LINK1]3.5.1.5.  Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands. This is because regional context (e.g., geology, climate, landforms, and surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g., distance from and size of wetlands (or similar wetland types). The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local. These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be revised to discuss and recommend assessment of wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should be revised to discuss and recommend use of regionalization methods to summarize information about wetland connectivity at nested scales. 





3.5.1.6.  Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Report tends to focus entirely on natural wetland systems or those with minimal disturbance. As previously discussed, human disturbances (and related legacy effects) alter the type, strength and magnitude of connectivity pathways. Some types of disturbances promote connections where none previously existed, others alter existing types of connections or trigger the transport of novel chemical or biological species. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide the same ecosystem functions as natural wetlands. The SAB recommends that Section 5.4, as well as other sections of the Report acknowledge these types of alterations or man-made habitats and include a discussion of current and past (legacy) human disturbances and how they alter the type, strength, and magnitude of connectivity pathways.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways.

















3.5.2.	Review of the Findings and Conclusions Concerning Waters and Wetlands with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes





Charge Question 5(b). Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In reviewing EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB has focused on: (1) the conclusions that can be drawn from the peer-reviewed literature; (2) the understanding that connectivity occurs through multiple mechanisms, with each mechanism exhibiting variability in space and time; (3) the understanding that connectivity extends beyond hydrologic connectivity and each mechanism for connectivity varies in frequency, magnitude, and duration over space and time; and (4) the understanding that there are alternative ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of minimum hydrologic connection or the consideration of the downstream effects of multiple connectivity mechanisms. 





3.5.2.1.   Scientific Support for the Conclusions Concerning Waters and Wetlands with Potential 


	   for Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that ,“The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous functions of unidirectional wetlands that can benefit downstream water quality and integrity. Furthermore, the conclusion pays too little attention to the effect of biological connections on downstream waters. The SAB finds that the scientific literature does provide information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). Relevant literature citations are provided in this SAB report. 





The SAB recommends that Conclusion 3 in the Report explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that the following text be included in Conclusion 3 in order to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 





 “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





The SAB recommends that all of the Report’s conclusions encompass connections beyond hydrologic ones, and that the frequency, magnitude, and duration of these connections be considered. 


The SAB recommends that within the text of Conclusion 3 in the Report, the authors explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.


The SAB disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The SAB recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





Recommendations





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability). 





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity, and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, or biotic fluxes to downstream waters. 





· The assessment of connectivity must shift from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





3.5.2.1.    Recommendations Concerning Findings for Waters and Wetlands with Potential


	 for Unidirectional Hydrologic Flows to Rivers and Lakes 





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 





The SAB recommends that, as has been done for prior conclusions, the authors remove references to specific studies within the text of the key findings. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature. The SAB finds that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SAB recommends that the key findings be short and concisely stated.





The SAB also recommends that the key findings be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself. In addition, Table 5-4 discusses functions of wetlands (though not water bodies) but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature. For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refers to such functions, but there is no conclusion about how these would affect downstream waters.   





The SAB recommends that the EPA revise several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a





The SAB agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.


  


Key Finding b





[bookmark: OLE_LINK2][bookmark: OLE_LINK3]The SAB recommends including the following statement in the Report as an additional key finding on the biological functions of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters.”





The SAB also notes that the Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production. In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments. The functions and values of these wetlands may be severely compromised or absent and therefore may not have similar influences on downstream waters as natural wetlands may have.





Key Finding c





The SAB recommends including the following statement in the Report as an additional key finding about unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, and colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”





Key Finding d





The SAB has no recommendations for changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





The SAB recommends including the following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings f.


  


Suggested additional key finding on spatial proximity of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”





Suggested additional key finding on the cumulative or aggregate impacts of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”





The SAB recommends that the Report authors cite the following references in support of this last statement: Preston and Bedford (1988); Lee and Gosselink (1988). 

















Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report. The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report. Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





·  The SAB recommends revising several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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3.5.	Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





3.5.1.	Review of the Literature on Waters and Wetlands With Potential for Unidirectional Hydrologic Flows to Rivers and Lakes 





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable.  As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands. The SAB finds that the exclusive focus in Section 5.4 and other parts of the Report on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters.  The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections.  The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.  As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections.  The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes.  In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





Summary of Comments:


· The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature be added, referencing additional publications on biological connections, especially those which analyze material flows generated by avian fauna.


· The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands  (see charge question 2 response for a detailed discussion on terminology).


· The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (see Figure X). 


· The panel recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages.   Because the nation’s wetlands differ significantly from state to state, the draft Report should acknowledge this variability and present an analysis on the scientific literature’s coverage of this variability.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.


· Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.  In addition, the draft report should discuss the differences between anthropogenic wetland settings and those found in natural settings.





Detailed Comments: 3.5.1.1.  Summary of the Literature on “Unidirectional” Wetlands





The SAB Overall, the Panel finds that the Rreport has capturesd the most relevant literature on “unidirectional wetlands,” including “geographically isolated wetlands,wetlands” as defined in the  under the Report.’s definition of “unidirectional wetland”, including geographically isolated wetlands.  The Report’s bibliography includes mMajor review papers from s that exist in the peer-reviewed literature.  To these, t have been included in the bibliography. The Panel SAB recommends  adding the 2013 review paper believes“Concepts of hydrological connectivity:  research approaches, pathways and future agendas,” by L.J. Bracken, et al.  that some additional literature from 2013 can be added and also The SAB also  recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added to the Report. It is particularly important to include findings from additional literature on the biological exchanges . Connections between unidirectional wetlands and downstream waters created made by major species assemblages (e.g., of species such as amphibians, birds, reptiles, and invertebrates).  could then be further discussedThese b. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), , introduction of disease vectors or other living matter,, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for biological integrity and completion of life cycles  of downstream species.





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. be added to the Report.





· The EPA should consider adding to the Report additional publications on the subject of on biological connections, including those referenced in this SAB report. It is especially important to review publications which analyze material flows generated by avian fauna.





· The SAB recommends that the EPA also consider adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).





3.5.1.2.  Clarification of Terms in Section 5.4 of the Report





The SAB finds the new term “unidirectional wetlands “ as used in the Report implies a sole focus on one-way hydrologic flows, when in fact, connectivity can have many dimensions.  These dimensions include not only connections to surface and shallow subsurface water flows, but also to chemical and biological functions that provide connectivity.  The SAB suggests that the draft Report’s new wetland terms be replaced; i.e., “bidirectional wetlands” would be redefined as those within floodplains, and “unidirectional wetlands” as those not within a floodplain (i.e., non-floodplain wetlands).  The influence of these wetlands on downstream connectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the terms “non-floodplain wetlands” and “floodplain wetlands.”





3.5.1.3.  Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework having multiple flowpaths that correspond to the multiple dimensions of connectivity.  The five functional flowpaths used to describe connectivity the draft Report – i.e., source, sink, refuge, lag, transformation  are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential way to map the five flowpaths across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functions provided by non-floodplain (“unidirectional”) wetlands to downstream waters.  





Similarly tThe SAB Panel recommends that the conceptual framework  discussed below (see Figure 1, shown below, ) be used utilized as a means to frame the  discussion about the type and gradient of various types of connectionsconnections  that occur between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s new nomenclature).  


and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well..  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.


The Panel recommends that the report be 





These reorganized around multiple dimensions of connectivity to the types of connections between wetlands and downstream waters- includeing  connections provided by surface waters, ground water, chemical transformation, and  and biological functions.  Each dimension of connectivity should be arrayed as a gradient, as illustrated in , with specific attention paid to the gradients of these pathways (see Figure 1.  This approach could be used to synthesize findings from the .  The literature in terms of analysis should focus more on ththe degree of  connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:1]) rather than just only the presence of any connection. Endpoints for each gradient should be identified where possible.  The Panel believes that such an analysis can be done and would be useful in quantifying the effect of such a connection . We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, For example, it should be acknowledged that there areterminal salt lakes and playas are examples of  wetlands and open water bodies that have weak hydrologic connections.are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).   The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.   [1:  Note that, in this context, frequency, magnitude, and duration, apply to all five functional flowpaths, and not to just hydrologic connectivity.] 






[image: ]





Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.





Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify the degree of each connection to the degree possible.








3.5.1.4.  Temporal and Spatial Scales of Connections Among Non-Floodplain Wetlands and Open 


	Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency and duration of connections quantified to the degree permitted in the literature.  In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g. days versus thousands of years) to establish the magnitude, duration and frequency of connections.  For example, groundwater dynamics occur at a much longer time scales than that of surface and shallow subsurface flows.  Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods.  High magnitude floods may infrequently connect wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants with subsequent long-lived damaging effects.  Such instances are likely to be unusual circumstances and case specific.  Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 





The SAB recommends that the authors consider the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands.  The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude.  That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways.  A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies.   





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are connected to downstream water over sufficiently long time scales.





· The EPA should assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.


The Panel suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands.”  Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.





[bookmark: OLE_LINK1]3.5.1.5.  Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified.   In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  For example, the time frames for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.   High magnitude floods  may provide a connection between wetlands and downstream waters infrequently and  the effect to downstream waters may be short lived and inconsequential unless the impact is associated with the transfer of a toxic pollutant.   These are likely to be unusual circumstances and case specific.   Geographic differences also come to play when considering rainfall patterns and stream flow frequency and should be evaluated using the scientific literature.  . To address the important issues of the timing of connectivity, the. 


Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands.  This is because regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g. distance from and size of wetlands (or similar wetland types). in the evaluation of the degree of connectivity.  The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local.  These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be revised to discuss and recommend assessment of wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should be revised to discuss and recommend use of regionalization methods to summarize information about wetland connectivity at nested scales. Regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.





3.5.1.6.  Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   As previously discussed, Hhuman disturbances (and related legacy effectslegacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none previously existed, others alter existing types of connections types or trigger the transport of novel chemical or biological species. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide have the same ecosystem functions as natural wetlands.  The SABPanel recommends that the Section 5.4, as well as other sections of the Draft Report acknowledge these types of alterations or man-made habitats and include incorporate a discussion of about current and past (legacy) human disturbances and how they that alter the type, strength, and magnitude of connectivity pathways.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways.





3.5.2.	Review of the Findings and Conclusions Concerning Waters and Wetlands With Potential for Unidirectional Hydrologic Flows to Rivers and Lakes





RESPONSE DRAFT FOR CHARGE 5b





Charge Question 5(b).  Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





In reviewing EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on: (1) conclusions that can be drawn from the peer-reviewed literature; (2) knowledge that connectivity occurs through multiple mechanisms, with each mechanism exhibiting variability in space and time; (3) knowledge that connectivity extends beyond hydrologic connectivity and each mechanism for connectivity varies in frequency, magnitude, and duration over space and time; and (4) knowledge that there are alternative ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of minimum hydrologic connection or the consideration of the downstream effects of multiple connectivity mechanisms. 





3.5.2.1.   Scientific Support for the Conclusions Concerning Waters and Wetlands


	   With Potential for Unidirectional Hydrologic Flows to Rivers and Lakes 





STATED CONCLUSIONS


1. The SAB Panel disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that ,“The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous functions of unidirectional wetlands that can benefit downstream water quality and integrity. Furthermore,  the conclusion pays too little attention to the effect of biological connections on downstream waters.   The SABPanel finds that the scientific literature does provide information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature does support  and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability).analysis) Relevant literature citations are provided in this SAB report.  





2. The SABPanel recommends that Conclusion 3 in the Report third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that Panel suggests the following text to be included in open the conclusion 3 in order to  section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


1  


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”



3. The SAB Panel recommends that all of the Report’s the conclusions should encompass connections connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 


The SAB recommends that Wwithin the text of the third conclusion 3 in the Report, the authors should explicitly state recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.



4. The SABPanel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The SABPanel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





Recommendations





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature  and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability).  





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connetions beyond hydrologic connectivity, and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, or biotic fluxes to downstream waters.  





· The assessment of connectivity must shift from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





3.5.2.1.    Recommendations Concerning Findings for Waters and Wetlands With Potential


	 for Unidirectional HydrologicFlows to Rivers and Lakes 





KEY FINDINGS





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 


1. The SAB recommends  Panelthat suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings.  As The Report’s conclusions these araree intended to summarize general themes arising from a broad synthesis of diverse literature.  synthesis, Tthe SABPanel  finds that feels that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SABPanel recommends the Key Findings be short and concisely stated.


2. The panelists articulated modified versions of several of the key findings that are consistent with the literature synthesis performed and their knowledge of the subject. The Panel offers these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections
Key Findings:





The Panel  SAB recommends that the key findings be more explicitedly presented in the text of the Report.  Conclusions about unidirectional wetlands are summarized in Table 5-4,  provides a sumbut these same summary points are mary, but it is not clearly explained in the text itself.  In addition, Table 5-4 discusses functions of wetlands (though not water bodies) but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature.  For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refer to such is a functions, but there is no conclusion about how these on how this would affect downstream waters.    








The SAB recommends revisions of several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.





Key Finding a:  





The SABPanel agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.





Key Finding b





[bookmark: OLE_LINK2][bookmark: OLE_LINK3] - The SABPanel recommends including the following statement be included in the Report as suggests an additional key finding on the biological functions BIOLOGICAL FUNCTIONS of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”





The Draft Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production.  In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments.  The functions and values of these wetlands may be severely compromised or absent and therefore may not have similar influences on downstream waters as natural wetlands may have.





Key Finding c





 - The SABPanel suggests recommends including the following statement in the Report as an additional key finding about an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.





Key Finding dg.





  The SAB has No no suggestionsrecommendations for improvement  changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





 


The SABPanel recommends including following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings f.





  . 


1. Suggested additional key finding on spatial proximity SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”





2. Suggested additional key finding on the cumulative or aggregate impactsCUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”





The SABPanel directs recommends that the Report authors to cite the following references in support of this last statement:. Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report.  The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report.  Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





·  The SAB recommends revisions of several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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Charge Question 4a 


Fennessy, Aldous, Reddy, Valett





Charge Question 4(a): Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





We support the Report’s conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters.  The comments below provide suggestions on the additional emphasis and discussion needed in the report to address the significance of bidirectional connectivity.  








Structure of the Report 


Section 5.3 on Riparian and Floodplain Wetlands covers a wealth of topics that could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. Specifically we recommend: 





· Reorganizing the chapter to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the role of headwater, streamside areas on in-stream structure and function.  We recommend this material be moved from Section 5.3 to Chapter 4.  For example, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and riparian areas are discussed.  Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as their ability to act as nutrient sinks and transformers, to Chapter 5.  Placing all of the literature review on riparian areas in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





· As it stands now, Section 5.3 is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics.  As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· The authors might consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style.  





 


Terminology


The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question.  We recommend that bidirectional wetlands be called ‘waters and wetlands in riparian/floodplain settings’ (as suggested by the Charge Question 1 group) acknowledges the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the report. As it stands now, the report is inconsistent, for example, in some sections of Chapter 5 they are referred to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”.  The definitions provided in the glossary for Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland should align with the ways the terms are used in the text.  





However, it is vital that the ecological role of floodplains, whether or not they are defined as wetlands or other water bodies, is acknowledged in the report. The authors do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not the area studied is a wetland, they took a broad approach to the literature to ensure that studies relevant to riparian and floodplain wetlands were included.  Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed for a much more representative cross section of the literature to be used. The report should consider the functional role of floodplains and riparian areas regardless of their status as Cowardin wetlands; just as wetlands discussed in this report need not meet the Federal regulatory definition of wetland to be included (p. 43), the discussion of floodplains and riparian areas should not be limited to those areas that meet the Cowardin definition of wetlands.  A statement that the text refers to ‘riparian areas, floodplains and waters and wetlands in riparian/floodplain settings’ will clarify that we are referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989).  However, we also recommend that the authors make clear that this is a functional linkage, and not an expansion of the definition of waters and wetlands covered by the Clean Water Act.  Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document.  








Issues of Spatial and Temporal Connectivity


Section 5.3 should include a new section that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, via the ‘flood pulse’.  The authors recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of the chapter. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989).  We recommend this section emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems via the ‘flood pulse’.  The ‘flood pulse concept’ should be employed as the conceptual backbone of the section, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).  The report recognizes this fact (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how ‘riparian/floodplain wetlands’ operate.  The report does recognize the extension of the concept provided by Tockner et al. (2000) to include ‘flow pulses’, but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems via storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes.  The term ‘flood pulse’ is used only 9 times in the body of the entire document.  Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





The report should also increase emphasis on the temporal aspects of floodplain systems as guided by the short duration high intensity ‘flood pulse concept’ for surface waters and long duration low intensity lateral discharge for groundwater.  Addressing the temporal progression of the flood pulse should describe its influence on residence time of surface water, seasonal exchanges with groundwater, emphasize the chemical and biological linkages, and ecosystem process.  For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats.  At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of ‘riparian/floodplain’ environments into the context of the ‘river corridor’ requires developing a perspective of linkage and expansion.  The authors need to be very clear in articulating the bidirectional nature of fluxes and connections back to the river channel, with a focus on the fluxes of water, materials and biota, emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  As such, the section needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters.  Our recommendations include: 


· Use flood-forecasting methods as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers.  Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing (for example) of N and P.  The results are measures of vertical and lateral connectivity. Analyses of this kind requires that recurrence intervals be explicitly defined, for example, making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), which establishes variability in the timescales of connectivity. This would also allow that much needed attention be paid to magnitude-frequency relationships.  


· Consider incorporating examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks.  This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation.  We also recommend addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain.   


· Stress the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions.  


· Add literature to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity.  Section 5.3 needs more emphasis on these biological exchanges. For example, the review panel provided many references regarding the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer.  These habitats are particularly important for fish larvae.  Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001, 2005; Bestgen et al. 2007).  The report would also be strengthened with more emphasis on species that are economically important and/or listed by federal and state agencies. 


· It would be instructive, and more representative of the U.S. as a whole, to broaden the range of examples used in the report. For instance, incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.  








Export versus Exchange 


Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota.  Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede.  As mentioned above, the text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. We recommend strengthening the focus on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Biogeochemical linkages


Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling.  Abiotic components of wetlands (e.g. soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time.  These issues are important to acknowledge in the report.  We recommend the authors provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments.  The sections on N processing (denitrification), P cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed.  The review on N processes in Section 5.3.2.2 is of particular concern, due to its very heavy reliance on a single paper by Vidon et al. (2010; cited fully 20 times in this section) on the fate and fluxes of N in riparian areas.  There is an extensive literature on this subject, and while the report correctly characterizes N transformations in a general sense, there are many key references that are not included.  This section should be updated to provide a more recent and diverse assessment of biogeochemical implications of ‘hot-spots and hot-moments’ in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003; see also extensive work by Groffman). We also recommend that literature findings are reported more quantitatively, and not by simple qualitative statements that N levels (in this example) increased or decreased (by what percent did concentrations change, for example; this recommendation holds for the report as a whole).  Depending on the hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulates biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate/alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. Many inorganic elements required by for key biological processes (e.g., plant growth and decomposition) are bioavailable and will respond to these increases. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can result in an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.








Case Study on Bottomland Hardwoods


The report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining US wetlands.


A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 














Human Impacts to Floodplains/Aggregate Effects 


We suggest the report address how human impacts to waters and wetlands in riparian/floodplain settings alter connectivity, for example channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments, provide some of the clearest demonstrations of their functional role on downstream waters (for example, through degraded water quality).  A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiverisity, and materials flux.  The water quality benefits of riparian areas and floodplains should also be highlighted by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.  
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Charge Question #4b


Mazeika Sullivan, David Allan, Lee Benda





#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.








General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. This might prove to be the best opportunity to highlight how hydrologists estimate the degree of connectivity, using flood frequency-floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.





3. Further quantification:


The key conclusions could be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on the Panel’s recommendations for Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





9. Aggregate/cumulative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.
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Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


For conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  
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3.4.	Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





3.4.1.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the literature on waters and wetlands in riparian/floodplain settings has been correctly summarized and characterized in the Report. The literature review substantiates the conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters. However, as further discussed, additional emphasis, discussion, and in some cases, review of more recent and diverse literature is needed in the Report to address the significance of bidirectional connectivity. 





3.4.1.1.  Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on riparian and floodplain wetlands and covers a wealth of topics. The Section could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. 





Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas in maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the importance of headwater, streamside areas to in-stream structure and function. The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas. The material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and riparian areas are discussed. Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as ability of these areas to act as nutrient sinks and transformers, to Chapter 5. Placing all of the literature review on riparian areas in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





As it stands now, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics. As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





The EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style. 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 





3.4.1.2.  Terminology in Section 5.3 of the Report 





As previously discussed, the terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” This change in terminology is needed to acknowledge the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the Report. As it stands now, the Report is inconsistent, for example, some sections of Chapter 5 refer to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”. The definitions of “Riparian Area,” “Riparian Wetland,” “ Floodplain,” “Floodwater” and “Floodplain Wetland” in the glossary of the Report should align with the ways the terms are used in the text. 





It is vital that the ecological role of floodplains, whether or not they are defined as wetlands or other water bodies, be acknowledged in the Report. The authors of the Report do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not areas studied were wetlands, they took a broad approach to the literature review order to ensure that studies relevant to riparian and floodplain wetlands were included. Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed a much more representative cross section of the literature to be used in the Report. The Report should consider the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979); just as wetlands discussed in the Report need not meet the federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987) to be included, the discussion of floodplains and riparian areas should not be limited to those areas that meet the Cowardin definition of wetlands. Including a statement that the text refers to “riparian areas, floodplains and waters and wetlands in riparian/floodplain settings” will clarify that the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward, 1989). However, the SAB also recommends that the authors clearly indicate these areas are covered in the report because of a functional linkage, and not an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document. 





Recommendations





· The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”





· The definitions of Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland in the glossary of the Report should align with the ways the terms are used in the text.





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al., (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.4.1.3.  Spatial and Temporal Connectivity of Floodplain Environments to River


  Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse”. The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of Chapter 5. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989). The SAB recommends that the new spatial and temporal scale subsection in Chapter 5 emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems through the “flood pulse.”  The “flood pulse concept” should be employed as the conceptual backbone of the subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment). The Report recognizes that the flood pulse concept is a fundamental paradigm in river ecology (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how “riparian/floodplain wetlands” operate. The Report does recognize the extension of the concept provided by Tockner et al. (2000) to include “flow pulses,” but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems through storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes. The term “flood pulse” is used only 9 times in the body of the entire Report. Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





There should also be increased emphasis in the Report on the temporal aspects of floodplain systems as guided by the short duration high intensity “flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. The temporal progression of the flood pulse should be discussed. The discussion should describe the influence of the flood pulse on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of “riparian/floodplain” environments into the context of the”river corridor” requires developing a perspective of linkage and expansion. The authors of the Report need to clearly articulate the bidirectional nature of fluxes and connections back to the river channel, focusing on the fluxes of water, materials and biota and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel As such, Section 5.3 of the Report needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations to accomplish this. Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, for example, of N and P. The results are measures of vertical and lateral connectivity. Analyses of this kind require that recurrence intervals be explicitly defined, for example, making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), which establishes variability in the time scales of connectivity. This would also allow that much needed attention be paid to magnitude-frequency relationships. 





The EPA should consider incorporating into the Report examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should emphasize the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions. Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges. The SAB has provided many references (cited below) that address the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer. As previously mentioned, these habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001, 2005; Bestgen et al. 2007). The report would also be strengthened by discussing the importance of these habitats for species that are economically important and/or listed by federal and state agencies. 





The SAB finds that it would be instructive to broaden the range of examples used in the Report and make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





Recommendations





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal aspects of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should stress the importance of hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions.





·  Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.4.1.4.  Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. The SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 














Recommendation





· There should be a stronger focus in the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.4.1.5.  Biogeochemical Linkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the Report. The SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments. The Report sections on nitrogen (N) processing (denitrification), phosphorus (P) cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on N processes in Section 5.3.2.2 of the Report is of particular concern due to its very heavy reliance on a single paper by Vidon et al. (2010), cited fully 20 times in that section, on the fate and fluxes of N in riparian areas. There is an extensive literature on this subject, and while the Report correctly characterizes N transformations in a general sense, there are many key references that are not included. Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al., 2003); see also extensive work by Groffman et al. (2003). The SAB also recommends that, in general, the literature findings in the Report be reported more quantitatively and not by simple qualitative statements, indicating, for example, that N levels  increased or decreased. In this specific example the Report should indicate the percent concentration change. The SAB notes that, depending on hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulate biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of many inorganic elements required for key biological processes (e.g., plant growth and decomposition) will respond to these changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.4.1.8 of this SAB report).





· The Report sections on nitrogen (N) processing (denitrification), phosphorus (P) cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al., 2003; McClain et al., 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that N levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.4.1.8 of this SAB report). 





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.4.1.8 of this SAB report). 





3.4.1.6.  Case Study on Bottomland Hardwoods





The SAB finds that the report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 








Recommendation





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.





3.4.1.7.  Human Impacts to Floodplains/Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. An example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments provide some of the clearest demonstrations of the functional role of these areas with respect to downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiversity, and materials flux. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 





Recommendations





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.4.1.8.  Recommended References





The SAB recommends that the EPA consider adding the following selected references to the Report.





·  References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker ( 2013); Anderson and  Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. (2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls  and  Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).
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3.4.2.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.4.2.1.  Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in    


 		Riparian/Floodplain Settings 





The SAB is in agreement that there is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, as further discussed below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity. In addition, the SAB notes that the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. The discussion of findings and conclusions in these two sections should be parallel. Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





 Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB views this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishing the science (and cited literature) related to floodplain areas that are not wetlands from the science related to floodplains that either contain wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplains that have wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The discussion of floodplains that are neither wetlands nor inundated frequently enough to be wetlands may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the Report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 














Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Any conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should be included in Section 5.3 of the Report (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplains that have or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.4.2.2.  Additional Recommendations Concerning the Findings and Conclusions Regarding Waters Wetlands in Riparian/Floodplain Settings 





The SAB  recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. 





Inconsistent Terminology





As previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3. The terms riparian areas, riparian and floodplain areas, riparian/floodplain waters are used inconsistently in Tables 5.1 and 5.3. The SAB finds the use of the terms riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. The SAB notes that the glossary definitions in the Report distinguish between “riparian areas” and “riparian wetlands” as well as among “floodplain,” “floodwater,” and “floodplain wetland.” “Upland” is also defined in the glossary as: (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition. As previously discussed, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.” The terminology used in the key findings and conclusions of the Report must align with the Glossary definitions and the Conceptual Framework.





Temporal Component


 


As previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the Report might prove to be the best way to highlight how hydrologists estimate the degree of connectivity. As previously mentioned, discussion of “channel migration zones” would further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain can exist on one side of the channel and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.” Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, EPA’s conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of the new spatial and temporal subsection  of Section 5.3, as recommended in the SAB response to Charge Question 4(a).





Further Quantification of Key Conclusions





The key conclusions in the Report should be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





Chemical Linkages





The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report. This may require additional literature review (in Section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





 Biological Linkages Including Food Webs


 


The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB encourages the EPA to highlight the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, the report should explicitly discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” There also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the Report. 





Export versus Exchange





As previously discussed, an “exchange” versus “export” framework (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, the EPA can clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





Case Studies


  


The SAB finds that the case studies in the Report are useful. However, the findings from the case studies should be more explicitly linked to the overall conclusions in the Report. 





Human Impacts 





In some cases, human alteration of connectivity provides the clearest demonstration of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate. Many floodplains along long stretches of rivers, if not entire rivers, may be affected by diking. 





Aggregate/Cumulative Effects





The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the Glossary definitions and the Conceptual Framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points.





· This temporal perspective of the Report should be developed using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be more explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.





3.4.4.2.  Alternative Wording for Findings and Conclusions





The SAB recommends the following alterative wording to clarify the findings and conclusions  in Section 1.4.2 of the Report.





Recommended Wording for Section 1.4.2





· Throughout. Use “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence. Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c. Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d. Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate. Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e. Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Wording for Other Sections





· Throughout. Use “waters and wetlands in riparian/floodplain settings”.


· Page 5-37 top para, lines 6-17. This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2. At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34. This additional conclusion section is fine, but again check for consistency of terms. Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30. Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned. 
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3.4.	Lentic Systems: Wetlands and Open Waters with the Potential for Non-tidal, Bidirectional Hydrologic Flows with Rivers and Lakes





3.4.1.	Review of the Literature on Waters and Wetlands in Riparian/Floodplain Settings 





Charge Question 4(a). Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB was asked to comment on whether the Report includes the most recent peer reviewed literature with respect to wetlands and open waters subject to non-tidal bidirectional hydrologic flows with rivers and lakes, and whether the literature has been correctly summarized and characterized. The SAB generally finds that the We support literature on waters and wetlands in riparian/floodplain settings has been correctly summarized and characterized in the Report. The literature reviewReport’s  substantiates the conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters.  . . The However, as further discussed, comments below provide suggestions on the additional emphasis,  and discussion, and in some cases, review of more recent and diverse literature is needed in the rReport to address the significance of bidirectional connectivity.  . . 





3.4.1.1.  Structure of Section 5.3 of the Report 





Chapter 5 of the Report addresses the subject of physical, chemical, and biological connections of wetlands to rivers. Section 5.3 focuses on Rriparian and Ffloodplain Wwetlands  and covers a wealth of topics. The Section that could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. Specifically we recommend: 





Reorganizing the chapterSection 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas onin maintaining the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the roleimportance of headwater, streamside areas onto in-stream structure and function.  . . We The SAB recommends that this material be moved from Section 5.3 to Chapter 4, which discusses physical, chemical, and biological connections of streams and riparian areas.  . . For example, tThe material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and riparian areas are discussed.  . . Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as their ability of these areas to act as nutrient sinks and transformers, to Chapter 5.  . . Placing all of the literature review on riparian areas in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





As it stands now, Section 5.3 of the Report is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics.  . . As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





The authors EPA might should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style.  .  . 





Recommendations





· Section 5.3 of the Report should be reorganized to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Text in Section 5.3 that focuses on riparian areas and the role of headwater, streamside areas on in-stream structure and function should be moved to Chapter 4 of the Report.





· Section 5.3 of the Report should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· EPA should consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 of the Report to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other. 








3.4.1.2.  TerminologyTerminology in Section 5.3 of the Report 








As previously discussed, Tthe terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question.  . . We recommend that Thus, it is recommended that bidirectional wetlands be called “‘waters and wetlands in riparian/floodplain settings.’” (as suggested by the Charge Question 1 group) This change in terminology is needed to acknowledges the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the rReport. As it stands now, the rReport is inconsistent, for example, in some sections of Chapter 5 they are referred to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”.  . . The definitions of “Riparian Area,” “Riparian Wetland,” “ Floodplain, “ “Floodwater” and “Floodplain Wetland” provided in the glossary of the Report for Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland should align with the ways the terms are used in the text.  . . 





However, iIt is vital that the ecological role of floodplains, whether or not they are defined as wetlands or other water bodies, isbe acknowledged in the rReport. The authors of the Report do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not the areas studied is awere wetlands, they took a broad approach to the literature review order to ensure that studies relevant to riparian and floodplain wetlands were included.  . . Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed for a much more representative cross section of the literature to be used in the Report. The rReport should consider the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al. (1979) wetlands; just as wetlands discussed in theis rReport need not meet the Federal regulatory definition of wetland (33CFR 328.3(b); USACE 1987) to be included (p. 43), the discussion of floodplains and riparian areas should not be limited to those areas that meet the Cowardin definition of wetlands.  . . Including Aa statement that the text refers to “‘riparian areas, floodplains and waters and wetlands in riparian/floodplain settings’” will clarify that we are the Report is referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward, 1989).  . . However, we the SAB also recommends that the authors make clearly indicate that these areas are covered in the Report because of  that this is a functional linkage, and not an expansion of the definition of waters and wetlands covered byunder the jurisdiction of the Clean Water Act.  . . Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document.  . . 





Recommendations





· The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question. Thus, it is recommended that bidirectional wetlands be called ”waters and wetlands in riparian/floodplain settings”.





· The definitions of Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland in the glossary of the Report should align with the ways the terms are used in the text.





· The Report should discuss the functional role of floodplains and riparian areas regardless of their status as wetlands as defined by Cowardin et al., (1979). However, it should be made clear that this discussion does not imply an expansion of the definition of waters and wetlands under the jurisdiction of the Clean Water Act. 





3.4.1.3.  Issues of Spatial and Temporal Connectivity of Floodplain Environments to River


  Systems





Section 5.3 of the Report should include a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, viaby means of the “‘flood pulse’”.  . . The authors of the Report recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of the cChapter 5. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989).  . We The SAB recommends  that the new spatial and temporal scale subsection in Chapter 5 this section emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems viathrough the “‘flood pulse.’”. The “‘flood pulse concept’” should be employed as the conceptual backbone of the  subsection, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment). The Rreport recognizes that the flood pulse concept is a fundamental paradigm in river ecology this fact (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how “‘riparian/floodplain wetlands’” operate. The rReport does recognize the extension of the concept provided by Tockner et al. (2000) to include “‘flow pulses,’”, but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems viathrough storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes.  . The term “‘flood pulse’” is used only 9 times in the body of the entire documentReport. Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





In the Report Tthere should also be increased emphasis report should also increase emphasis on the temporal aspects of floodplain systems as guided by the short duration high intensity “‘flood pulse concept’” for surface waters and long duration low intensity lateral discharge for groundwater. Addressing tThe temporal progression of the flood pulse should be discussed. The discussion should describe its the influence of the flood pulse on residence time of surface water,  seasonal exchanges with groundwater, emphasize the chemical and biological linkages, and ecosystem processes. For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats. At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity in the Report is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin et al. (1979) definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of “‘riparian/floodplain’” environments into the context of the ‘”river corridor”’ requires developing a perspective of linkage and expansion. The authors of the Report need to  be very clear invery clearly articulateing the bidirectional nature of fluxes and connections back to the river channel, with a focusing on the fluxes of water, materials and biota, and emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel. As such, Section 5.3 of the Report needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. The SAB provides a number of specific recommendations to accomplish this. Our recommendations include: 


Use fFlood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing, (for example,) of N and P. The results are measures of vertical and lateral connectivity. Analyses of this kind requires that recurrence intervals be explicitly defined, for example, making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), which establishes variability in the time scales of connectivity. This would also allow that much needed attention be paid to magnitude-frequency relationships. 





The EPA should cConsider incorporating into the Report examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks. This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation. We The SAB also recommends addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 


 


The Report should Stressdiscuss and emphasize the importance of the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions. Additional  literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report needs more emphasis on these biological exchanges. For example tThe SAB review has panel provided many references (cited in this report) that addressregarding the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These references include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer. As previously mentioned, Tthese habitats are particularly important for fish larvae. Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001, 2005; Bestgen et al. 2007). The report would also be strengthened discussing the importance of these habitats for with more emphasis on species that are economically important and/or listed by federal and state agencies. 





The SAB finds that iIt would be instructive, and more representative of the U.S. as a whole, to broaden the range of examples used in the rReport to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





Recommendations





· Section 5.3 of the Report should contain a new subsection that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, by means of the “flood pulse.” The “flood pulse concept” should be employed as the conceptual backbone of the new subsection, stressing higher order structure and function (in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).





· Section 5.3 of the Report should emphasize the importance of the temporal aspects of floodplain systems as guided by the short duration high intensity “‘flood pulse concept” for surface waters and long duration low intensity lateral discharge for groundwater. 





· Section 5.3 of the Report should emphasize the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters. 





· Flood-forecasting methods should be used as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers. 





· The EPA should consider incorporating into the Report examples of floodplain classification systems to address the geomorphological and functional diversity of floodplains, and to place emphasis on the continuum of floodplains along stream networks.





· The Report should include a discussion of channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain. 





· The Report should emphasize the importance of hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions.





·  Additional literature should be reviewed and cited in the Report to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity. More emphasis is needed in Section 5.3 of the Report on these biological exchanges.





· The range of examples used in the Report should be broadened to make it more representative of the U.S. as a whole. For instance, the EPA could incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska. 





3.4.1.4.  Export versus Exchange 





Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota. Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede. As mentioned above, the Report text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. WeThe SAB recommends strengthening the focus of the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 





Recommendation





· There should be a stronger focus in the Report on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse.





3.4.1.5.  Biogeochemical lLinkages





Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling. Abiotic components of wetlands (e.g., soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time. These issues are important to acknowledge in the rReport. WeThe SAB recommends that the authors of the Report provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments.  . The Report sections on nitrogen (N) processing (denitrification), phosphorus (P) cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed. The review on N processes in Section 5.3.2.2 of the Report is of particular concern, due to its very heavy reliance on a single paper by Vidon et al. (2010);, cited fully 20 times in thisthat section,) on the fate and fluxes of N in riparian areas. There is an extensive literature on this subject, and while the rReport correctly characterizes N transformations in a general sense, there are many key references that are not included. This section Section 5.3.3.3 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “‘hot-spots and hot-moments’” in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al., 2003); see also extensive work by Groffman)(Groffman et al., 2003). The SAB We also recommends that, in general, literature findings in the Report arebe reported more quantitatively, and not by simple qualitative statements, indicating for example, that N levels (in this example) increased or decreased. In this specific example (by what the Report should indicate the percent did concentrations change, for example;  this recommendation holds for the report as a whole). The SAB notes that, Ddepending on the hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulates biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate/ or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. The bioavailability of Mmany inorganic elements required by for key biological processes (e.g., plant growth and decomposition) are bioavailable and will respond to these increasesthese changing conditions. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can result in be an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.





Recommendations





· The Report should provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the review of the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments (additional references are provided in section 3.4.1.8 of this report).





· The Report sections on nitrogen (N) processing (denitrification), phosphorus (P) cycling, and sediments (including legacy sediments and associated chemicals) should be strengthened by expanding the literature reviewed. In particular, Section 5.3.2.2 of the Report should be updated to provide a more recent and diverse assessment of biogeochemical implications of “hot-spots and hot-moments” in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (Groffman et al., 2003; McClain et al., 2003).





· Literature findings in the Report be reported more quantitatively and not by simple qualitative statements, for example, that N levels increased or decreased.





· The Report should further discuss how changing climatic conditions may stimulate or alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands (additional references are provided in section 3.4.1.8 of this SAB report). 





· The EPA should consider including in the Report further discussion of the residence time of water. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters (additional references are provided in section 3.4.1.8 of this SAB report). 





3.4.1.6.  Case Study on Bottomland Hardwoods





The SAB finds that tThe report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining U.S. wetlands. A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Recommendation





· A case study of the role of forested wetlands (including bottomland hardwoods) in river biogeochemistry and flood storage should be included in the Report.





3.4.1.7. Human Impacts to Floodplains/Aggregate Effects 





The effect of human impacts to waters and wetlands in riparian/floodplain settings on connectivity is an important issue that should be addressed in the Report. We suggest the report address how human impacts to waters and wetlands in riparian/floodplain settings alter connectivity  An, for example of such an impact is channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments, provide some of the clearest demonstrations of their functional role of these areas with respect to on downstream waters (for example, through degraded water quality). A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiverisity, and materials flux. The water quality benefits of riparian areas and floodplains should also be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus. 





Recommendations





· The Report should address the effects of human impacts to waters and wetlands in riparian/floodplain settings on connectivity.





· The water quality benefits of riparian areas and floodplains should be highlighted in the Report by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.





3.4.1.8.  Recommended References





The SAB recommends that the EPA consider adding the following selected references to the Report.





· References to studies emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them): Alford and Walker ( 2013); Anderson and  Lockaby (2012); Benke et al. (2000); Bunn et al. (2006); Ellis et al. (2001); Galat et al. (1998); Granado and Henry (2014); Heiler et al. (1995); Henson et al. (2007); Hudson et al. (2012); Hudson et al. (2013); Magana (2013); Nanson and Croke (1992); Opperman et al. (2010); Power et al. (1995a,b); Powers et al. (2012); Rooney et al. (2013); Schramm and  Eggleton (2006); Sullivan and Rodewald 2012; Sullivan and Watzin (2009); Thorp et al. (2006); Tockner et al. (2000); Toth and van der Valk (2012); and Valett et al. ( 2005).





· References on Biogeochemistry: Aitkenhead-Peterson, et al. (2003); Fowler (2004); Bridgham et al. (2001); Bridgham et al. ( 2006); Buresh et al. (2008); Fennessy and Cronk (1997); Freeman et al. (20004a); Freeman et al. (2004b); Hefting et al.(2004); McClean et al. (2003); Osborne (2005); Qualls  and  Richardson. (2003); Reddy et al. (1999); Reddy et al. (2005); Reddy et al. (2011); Strack et al. (2008); Wetzel (1990); and Wetzel (2002).





· References on human impacts: Dudley and Platania (2007); and Verhoeven et al. (2006).





· References on fauna: Brooks and Brinson (2013); Baxter et al. (2005); Bestgen et al. (2006); Bestgen et al. (2007); Bottom et al. (2005); Fausch (2010); Flecker et al. (2010); Gresswell (2011); Koel et al. (2005); McIntyre et al. (2007); Mion et al. (1998); Modde et al. (2001); Modde et al. (2005); Schick and Lindley (2007); Spinola et al. (2008); and Zelasko et al. (2010).
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Charge Question #4b


Mazeika Sullivan, David Allan, Lee Benda





#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.4.2.	Review of the Findings and Conclusions Concerning Waters and Wetlands in Riparian/Floodplain Settings 





Charge Question 4(b). Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





3.4.2.1.  Scientific Support for the Findings and Conclusions Concerning Waters and Wetlands in    


 		Riparian/Floodplain Settings 








General Comments: The SAB Panel members are in general is in agreement that there is strong scientific support  for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, (but note that we  as further discussed recommend below, the SAB recommends that additional literature be included in the Report to bolster these findings, particularly as related to chemical connectivity). . In addition, the SAB notes that However, the key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands. , and The discussion of findings and conclusions in these two sections should be parallel one another. . Any conclusions presented in Section 1.4.2 of the executive summary should also align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





 Currently, many of the conclusions in the Report are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. The SAB Panel members viewsed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity in distinguishingregarding  the science (and cited literature) related to  between floodplain areas that are not wetlands from science related to and floodplains that either have  contain wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we The SAB recommends presenting a broad discussion of floodplain systems in Section 5.3 (to replace the current riparian focus), but thethis distinction between floodplain areas that are not wetlands and floodplains that have wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions. The inclusion discussion of floodplains that are not neither wetlands nor not inundated frequently enough to be wetlands in the report  may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the rReport another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 





Recommendations





· There is strong scientific support for the conclusion that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity. However, additional literature should be included in the Report to bolster these findings, particularly as related to chemical connectivity.





· Key findings and conclusions presented in Section 1.4.2 of the executive summary of the Report should to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands.





· Any conclusions presented in Section 1.4.2 of the executive summary should align with conclusions presented in Sections 5.5, the wetlands synthesis and implications discussion, and 6.1, the discussion of major conclusions.





· A broad discussion of floodplain systems should be included in Section 5.3 of the Report (to replace the current riparian focus), but the distinction between floodplain areas that are not wetlands and floodplains that have or can be classified as wetlands needs to be clear relative to the implications for connectivity, and should be highlighted and carried through the text and conclusions.





3.4.2.2.  Additional Recommendations Concerning Discussion of Findings and Conclusions Regarding Waters and Wetlands in Riparian/Floodplain Settings 





The SAB We  recommends that the EPA address the following issues in the discussion of waters and wetlands in riparian /floodplain settings. offer the following additional recommendations (not in order of importance): 





1. Inconsistent tTerminology:





 


We suggest that tAs previously mentioned, the Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3 (e.g., the terms “riparian areas”, “riparian and floodplain areas,”, and “riparian/floodplain waters”, etc. – are used inconsistently in Tables 5.1 and 5.3). Panel members found The SAB finds the use of the terms riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (The SAB notesNote that the Gglossary definitions in the Report distinguish between R”riparian Aareas” and “Rriparian Wwetlands” as well as among F”floodplain,” F”floodwater”, and F”floodplain Wwetland.” Also note that “Upland” is also defined in the Gglossary as: “ (1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) As previously discussed, the SABWe  recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings.”. The terminology used in the key findings and conclusions of the Report must align with the Glossary definitions and the Conceptual Framework.





2. Temporal Ccomponent:


 


We suggest that tAs previously mentioned, the key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. Incorporating discussion of flood frequency-floodplain inundation science into the ReportThis might prove to be the best opportunityway to highlight how hydrologists estimate the degree of connectivity., using flood frequency-floodplain inundation science throughout the entire report. Additionally, we suggest  As previously mentioned, discussion of highlighting “channel migration zones”, which  would further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year, following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone.”. Some states have promulgated regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, EPA’s this conclusions concerning connectivity of waters and wetlands in riparian/floodplain settings should reflect the main message of the new spatial and temporal subsection proposed for of Section 5.3, as outlinedrecommended in the Panel’s recommendations for SAB response to Charge Question #4(a).





3. Further qQuantification of Key Conclusions:





The key conclusions in the Report cshould be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical Llinkages:





We recommend that tThe role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report. This may require additional literature review (in Ssection 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and dissolved organic carbon (DOC), as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological  Llinkages iIncluding Ffood wWebs:


 


We recommend further highlighting tThe role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions. In particular, the SAB we encouragees the EPA to highlighting the point that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. In this regard, Tthe report should explicitly make discuss linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, tThere also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for to species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the rReport. 





6. Export versuss. eExchange:





We recommend using As previously discussed, an “exchange” vs.versus “export” framework, (i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters) should be used in the Report. In this way, itthe EPA can is clearly indicate that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case sStudies:


  


Many panel members The SAB finds that found the case studies in the Report are to be useful. However, Building on the Panel’s recommendations for Charge Question #4a, we suggest  the findings from the case studies should be more explicitly linkeding the findings from these studies to the overall conclusions in the Report. 





8. Human iImpacts: 





In some cases, it may be that human alteration of connectivity connectivity provides the most clearestly demonstrationes of how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions in the Report could be improvedstrengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate. (mMany floodplains along long stretches of rivers, if not entire rivers, may be affected by diking). 





9. Aggregate/cCumulative eEffects:





We recommend that tThe importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.





Recommendations





· Report language referring to riparian and floodplain wetlands should remain consistent both within the key findings and conclusions sections as well as throughout Section 5.3.





· The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives.





· The terminology used in the key findings and conclusions of the Report must align with the Glossary definitions and the Conceptual Framework.





· The key findings and conclusions in the Report should recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points.





· This temporal perspective of the Report should be developed using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. 





· The key conclusions in the Report should be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





· The findings from the case studies in the Report should be more explicitly linked to the overall conclusions. 





· The role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents should be expanded under Key Finding d in Section 1.4.2 of the Report.





· The role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems should be further highlighted in the key findings and conclusions.





· The conclusions in the Report should be strengthened by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems.





· The importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions of the Report.








3.4.4.2.   Alternative Wording for Findings and Conclusions





Detailed Comments and Alternative Wording Suggestions:





The SAB recommends the following alterative wording to clarify the findings and conclusions  in Section 1.4.2 of the Report.





For Recommended Wording for Section 1.4.2





· Throughout. Use “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


· Page 1-9 line 15, bullet a. Delete first sentence.  . . Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


· Page 1-9 line 21, bullet a. Delete “some”.


· Page 1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


· Page 1-9 line 35, bullet c.  . . Specify waters and wetlands in riparian/floodplain settings in lead sentence.


· Page 1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


· Page 1-10 line 3, bullet d.  . . Lead with “Waters and wetlands in riparian/floodplain settings”.


· Page 1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  . . Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


· Page 1-10 line 7, bullet e.  . . Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


· Page 1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 





Recommended Word for Other SectionsFor conclusions elsewhere:





· Throughout. Use “waters and wetlands in riparian/floodplain settings”.


· Page 5-37 top para, lines 6-17.  . . This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  . . At least try to get some of these points into the opening of 1.4.2.


· Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


· Page 6-1 lines 23-34.  . . This additional conclusion section is fine, but again check for consistency of terms.  . . Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


· Page 6-1 line 30.  . . Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  . . 
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   We need to incorporate your subgroup’s response into the draft of the Panel’s report and may
 need to make some edits to make sure the Panel’s report is written in a consistent format and
 style.  Thanks.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, January 31, 2014 12:56 PM
To: Armitage, Thomas; Goodman, Iris
Cc: Amanda D. Rodewald; Allan, J; Lee Benda
Subject:
 
Hi Tom and Iris - 
 
Please find attached our written response to Charge Question #4b. 
 
Best regards,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 
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Charge Question #4b 
Mazeika Sullivan, David Allan, Lee Benda 
 



#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and 
conclusions from the literature referenced in Charge Question 4(a) above. Please comment on 
whether the conclusions and findings in section 1.4.2 are supported by the available science. Please 
suggest alternative wording for any conclusions and findings that are not fully supported. 



 
 
General Comments:  
 
SAB Panel members are in general agreement that there is strong scientific support that riparian and 
floodplain water bodies and wetlands are highly connected to receiving waters through multiple 
pathways, including hydrological, chemical, and biological connectivity (but note that we recommend 
below that additional literature be included to bolster these findings, particularly as related to chemical 
connectivity). However, the key findings and conclusions to this chapter need to be directly related to 
the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one 
another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 
5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that 
are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain 
riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or 
lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB 
Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of 
clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and 
floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient 
frequency to be classified as wetlands. Although we recommend presenting a broad discussion of 
floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative 
to the implications for connectivity and should be highlighted and carried through the text and 
conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be 
wetlands in the report may risk criticism because it appears to either expand the definition of a river or 
downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the 
report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies.  
 
We offer the following additional recommendations (not in order of importance):  
 
1. Inconsistent terminology:  
We suggest that the language referring to riparian and floodplain wetlands remain consistent both within 
the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian 
and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use 
of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water 
bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to 
riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it 
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leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending 
the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian 
Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also 
note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and 
their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water 
body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”)	  We recommend 
that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The 
terminology used in the key findings and conclusions must align with the Glossary definitions and the 
Conceptual Framework. 
 
2. Temporal component:  
We suggest that the key findings and conclusions recognize the temporal dimension of waters and 
wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-
dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the 
transient nature of floodplains should be key points. This temporal perspective, combined with an 
emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-
developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. 
This might prove to be the best opportunity to highlight how hydrologists estimate the degree of 
connectivity, using flood frequency-floodplain inundation science throughout the entire report. 
Additionally, we suggest highlighting “channel migration zones”, which further address the lateral 
connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain 
valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and 
the next year following a large flood, the active channel may have migrated 100 meters to the opposite 
size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, 
including wetlands, are temporally variable and transient, and connectivity could include what has been 
referred to as the “channel migration zone”. Some states have regulations about how to define and 
protect (regulate development) channel migration zones that are non-floodplain portions of the valley 
floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for 
Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a. 
 
3. Further quantification: 
The key conclusions could be more empirically and/or more specifically described. Where there is 
demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of 
connectivity). 
 
4. Chemical linkages: 
We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and 
transforming chemical constituents be expanded under Key Finding d. This may require additional 
literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and 
water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as 
sediment storage, should be easily documented. There is ample literature on the water purification 
function of wetlands, and this is the rationale for constructed wetlands. 
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5. Biological linkages including food webs:  
We recommend further highlighting the role of biological connectivity between waters and wetlands in 
riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we 
encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are 
intimately linked through biological connections (including integrated wetland-river food webs) across a 
range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. 
For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into 
downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, 
etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in 
riparian/floodplain settings for species that are economically important as well as those species that are 
state and/or federally listed as endangered, but this would have to be first developed in the body of the 
report.  
 
6. Export vs. exchange: 
We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters 
and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that 
bidirectional biological, chemical, and hydrological transfers characterize the connections between the 
two systems.  
 
7. Case studies:   
Many panel members found the case studies to be useful. Building on the Panel’s recommendations for 
Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall 
conclusions.  
 
8. Human impacts:  
In some cases, it may be that human alteration of connectivity most clearly demonstrates how the 
function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the 
conclusions could be improved by explicitly mentioning how human activities (impairment as well as 
restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving 
systems. Mention should be made of alterations that both increase connectivity, such as ditches, and 
decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, 
this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished 
connectivity both in individual river segments and in aggregate (many floodplains along long stretch of 
rivers, if not entire rivers, may be affected by diking).  
 
9. Aggregate/cumulative effects: 
We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in 
the aggregate should be underscored in the key findings and conclusions. For example, these sections 
could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds 
of individual channel reaches) yields a very positive ecological and service effect in flood attenuation. 
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Detailed Comments and Alternative Wording Suggestions: 
 



For 1.4.2 



Throughout. Use “waters and wetlands in riparian/floodplain settings”. 



1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of 
river food webs” or other language that underscores food-web connectivity. 



1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using 
“waters and wetlands in riparian/floodplain settings”. 



1-9 line 21, bullet a. Delete “some”. 



1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”. 



1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence. 



1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”. 



1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”. 



1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  
Suggest revisiting p 5-7 lines 24-35 for a more relevant example. 



1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes 
biological connectivity. This might require a different lead sentence or an additional bullet on functional 
components/processes. 



1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain 
settings to birds, and how birds can spatially integrate the watershed landscape.  



For conclusions elsewhere: 



Throughout. Use “waters and wetlands in riparian/floodplain settings”. 



5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 
1.4.2.  At least try to get some of these points into the opening of 1.4.2. 



Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in 
riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high 
variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the 
text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, 
further changes may be needed. 



6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  
Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are 
a sink. It might be preferable to refer to sediment exchange influencing channel dynamics. 
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6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest 
reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web 
linkages. Role and importance of birds should also be mentioned.   
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From: Armitage, Thomas
To: adr79@cornell.edu
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge question 1 for the SAB Connectivity Panel"s report
Date: Wednesday, February 19, 2014 6:47:00 PM
Attachments: Response to question 1.docx


Response to question 1_redline.docx


Hi Amanda,
 
I have incorporated some suggested editorial changes into your response to charge question 1 for
 the SAB Connectivity Panel’s report.  The attached revised text is in the format used for SAB
 reports.  I thought it would be useful to list the recommendations as bullets at the end of each
 section of the Panel’s report.  I know this can be somewhat repetitive, but I think it allows readers to
 clearly see the recommendations.  Please review the attached draft of the charge question 1


 response and send me any changes needed by Wednesday, February 26th , or send me a response
 indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I have made.
 
As discussed, we will incorporate all of the charge question responses into a complete draft of the
 report (including a draft letter to the Administrator and executive summary) and I will send it to you
 for review. 
 
Thanks very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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[bookmark: _Toc329597907]3.1.	Overall Clarity and Technical Accuracy of the Draft Report





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.  





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is both thorough and technically accurate. However, the SAB finds that the Report could be strengthened by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document, (2) improve the usefulness of the document to decision-makers, (3) strengthen the literature review, (4) provide additional detail and clarification of text in some parts of the document, and (5) restructure the case studies. 





3.1.1.	Style and Organization of the Draft Report





There are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions among the chapters and subchapter sections and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). The Report is quite long and often repetitive, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The EPA should consider hiring a technical editor to address these issues. 





Several organizational changes will improve the readability of the Report. First, the conceptual framework should be the integrator of the entire Report. Each section of the Report should be clearly linked to the conceptual framework. As written, the chapters of the Report are not always consistent with the way the conceptual framework is treated. Second, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. Third, the key points should be stated simply and directly at the end of each chapter, not buried in a lot of detail. Fourth, the authors should consider including in the executive summary a succinct table that summarizes the key findings of the Report. The report of the Intergovernmental Panel on Climate Change (IPCC, 2007) is an excellent model. 





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently in all parts of the Report and caution should be exercised when using words that may have legal or regulatory meanings





·  Superfluous or redundant information should be removed from the Report. Each section of the Report should be clearly linked to the conceptual framework.





· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.





· Key points should be clearly stated at the end of each chapter.





· A succinct table summarizing the key findings of the report should be included in the executive summary.





3.1.2.	Improving the Usefulness of the Draft Report to Decision-Makers





Although the Report is a science, not policy, document, the SAB is sensitive to the fact that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the Report could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the Report. The authors might consider the approach used in the report of the Intergovernmental Panel on Climate Change (IPCC, 2007). That approach could be taken to identify the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity as a binary property - either present or absent, rather than as a gradient. The SAB is mindful of comments received from many members of the public who indicated that the binary perspective in the Report implies that any connectivity would significantly affect the biological, physical, or chemical integrity of downstream waters. The Report also would be strengthened if it were to more explicitly address the cumulative effects of streams and wetlands on downstream waters (i.e., streams and wetlands considered in “aggregate”). In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).





· The Report should more explicitly address the cumulative effects of streams and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.





3.1.3.	Strengthening the Literature Review





The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. The SAB finds that the absence of references to studies that failed to show connectivity gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The authors should explicitly state that an exhaustive literature review was performed, including studies showing and failing to show connectivity.  The SAB has provided numerous additional references in this SAB report and other references have been suggested in written comments from the public. These include many references in the comments received from Ducks Unlimited, the U.S. Department of Agriculture Natural Resources Conservation Service, the State of Alaska, the American Petroleum Institute, and the National Wildlife Federation.





Recommendations





· The literature review in the Report should clarified to indicate: (1) what was considered to be peer reviewed literature, (2) the kinds of evidence used to support the findings and conclusions, and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.





· Studies that fail to show connectivity should be cited in the Report along with those that demonstrate connectivity.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Draft Report





As further discussed in other sections of this SAB report, the following topics in the EPA Report require clarification and/or additional detailed information: 





· The importance and relevance of different spatial and temporal scales 


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 


· Greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.   


· Why a watershed perspective is needed to understand connectivity. 


· The rationale for considering water bodies in aggregate for evaluations of connectivity.


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands and consistent use of these terms in text.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the EPA Report.





3.1.5.	Restructuring the Case Studies in the Draft Report





[bookmark: _GoBack]The SAB finds that the case studies in the Report provide helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow comparisons among geographic regions, such as Southwest arid and Midwest mesic systems. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each should be explicitly stated early in the text. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions could be referenced and included in appendices.





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.





· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.





· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in report appendices.








References
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[bookmark: _Toc329597907]3.1.	Overall Clarity and Technical Accuracy of the Draft Report





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence. . 





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is both thorough and technically accurate. However, the SAB finds that the Report could be strengthened by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document, (2) improve the usefulness of the document to decision-makers, (3) strengthen the literature review, (4) provide additional detail and clarification of text in some parts of the document, and (5) restructure the case studies. 





3.1.1.	Style and Organization of the Draft Report





There were are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for continuity so that it is written in a single voice. There also is a strong need to check for consistent use of terms and definitions, between among the chapters and subchapter sections, and the chapter text and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent). Lastly, tThe reportReport is quite long and often repetitive, and the main points are easily lost in the volume of material presented. Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included. The agencyEPA might should consider hiring a technical editor to address these issues. 





Organization.  Several organizational changes will improve the readability of the reportReport. OneFirst, the conceptual framework should be the integrator of the entire reportReport. Each section of the Report should be with clearly linkeds to the conceptual framework and within each section. As written, the chapters of the Report wereare  not always consistent with the way the conceptual framework wasis treated. TwoSecond, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text. ThreeThird, the key points should be stated simply and directly at the end of each chapter, not buried in a lot of detail. Fourth, the authors should consider including in the executive summary making a succinct table that summarizes the key findings of the reportReport. The report of the Intergovernmental Panel on Climate Change (IPCC, 2007) is an excellent model. The IPCC report was suggested as an excellent model.





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 





· Terms and definitions should be used consistently in all parts of the Report and caution should be exercised when using words that may have legal or regulatory meanings.





 Superfluous or redundant information should be removed from the Report. 





· Each section of the Report should be clearly linked to the conceptual framework.


· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.





· Key points should be clearly stated at the end of each chapter.





· A succinct table summarizing the key findings of the report should be included in the executive summary.





3.1.2	Improving the Usefulness of the Draft Report to Decision-Makers





Usefulness to decision-makers. Although the reportReport is a science, not policy, document, the panelSAB wasis sensitive to the fact that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the reportReport could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights. For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the reportReport. Here again, tThe authors might consider an the approach used in the report of the Intergovernmental Panel on Climate Change (IPCC, 2007). approach that That approach could be taken to identifyes the relative certainty of connectivity or an effect. As written, the EPA Report often treats connectivity was often treated as a binary property - either present or absent, rather than as a gradient. Many panelists and mThe SAB is mindful of comments received from many members of the public explained in their  who indicated comments that the binary perspective in the Report impliesd that any connectivity would significantly affect the biological, physical, or chemical integrity of downstream waters. The reportReport also would be strengthened if it were to more explicitly address the cumulative or effects of streams and wetlands toon downstream waters (i.e., streams and wetlands considered in “aggregate”). In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).





· The Report should more explicitly address the cumulative effects of streams and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.





3.1.3.	Strengthening the Literature Review





Literature review. The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review. The approach used for screening, compiling, and synthesizing information needs to be made explicit. The SAB  finds that tThe absence of references to studies that failed to show connectivity struck many as odd and something that gave gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected. The authors should explicitly state that an exhaustive literature review was performed, including studies showing and failing to show connectivity. The SAB has provided Nnumerous additional references in this SAB report and other references were have been suggested in by panelists and by the written comments from the public., These includeing many suggestionsreferences in the comments received from Ducks Unlimited, the U.S. Department of Agriculture Natural Resources Conservation Service, the State of Alaska Technical Comments, the American Petroleum Institute, and the National Wildlife Federation.





Recommendations





· The literature review in the Report should clarified to indicate: (1) what was considered to be peer reviewed literature, (2) the kinds of evidence used to support the findings and conclusions, and (3) the number and types of studies selected for review.





· The Report should clearly describe the approach used to screen, compile, and synthesize information.





· Studies that fail to show connectivity should be cited in the Report along with those that demonstrate connectivity.





· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.4.	Additional Detail and Clarification of Text Needed in the Draft Report





Additional detail and/or clarification neededAs further discussed in other sections of this SAB report, the discussions of the following topics in the EPA Report require clarification and/or additional detailed information: Several topics were identified by panelists as requiring additional detail and clarification in the report. Many of these are described more fully in responses to other charge questions; they include:





· The importance and relevance of different spatial and temporal scales 


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle. As part of this, connectivity via food webs should be included. 


· Greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.  


· Why a watershed perspective is needed to understand connectivity.


· The rationale for considering water bodies in aggregate for evaluations of connectivity.


· Human modifications and their impacts on connectivity. Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands and consistent use of these terms in text.


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity.





The need for additional information about many of these topics is discussed in other sections of this SAB report.





Recommendation





· The topics listed above should be clarified or discussed in more detail in the EPA’s Report.








3.1.5.	Restructuring the Case Studies in the Draft Report





[bookmark: _GoBack]Case studies. The panel agreed SAB finds that the case studies in the Report provided helpful illustrations of connectivity between downstream waters and geographically-specific types of systems. That said, case studies could be even more helpful if they were selected and organized to allow for comparisons among geographic regions , such as Southwest arid and Midwest mesic systems. The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated. The rationale for selecting different case studies and the key points being illustrated by each  should be explicitly stated early in the text. An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points. Within these textboxes the expanded versions cancould be referenced and included in appendices.





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.


· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.


· EPA should consider presenting the case studies in text boxes throughout the Report. The text boxes could reference more detailed information in report appendices.
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Mazeika,
 
Thank you for sending the response to question 4(b).  Could you please resend it as a Word file?
   We need to incorporate your subgroup’s response into the draft of the Panel’s report and may
 need to make some edits to make sure the Panel’s report is written in a consistent format and
 style.  Thanks.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
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Please find attached our written response to Charge Question #4b. 
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Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
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The Ohio State University 
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Charge Question #4b 
Mazeika Sullivan, David Allan, Lee Benda 
 



#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and 
conclusions from the literature referenced in Charge Question 4(a) above. Please comment on 
whether the conclusions and findings in section 1.4.2 are supported by the available science. Please 
suggest alternative wording for any conclusions and findings that are not fully supported. 



 
 
General Comments:  
 
SAB Panel members are in general agreement that there is strong scientific support that riparian and 
floodplain water bodies and wetlands are highly connected to receiving waters through multiple 
pathways, including hydrological, chemical, and biological connectivity (but note that we recommend 
below that additional literature be included to bolster these findings, particularly as related to chemical 
connectivity). However, the key findings and conclusions to this chapter need to be directly related to 
the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one 
another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 
5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that 
are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain 
riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or 
lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB 
Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of 
clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and 
floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient 
frequency to be classified as wetlands. Although we recommend presenting a broad discussion of 
floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative 
to the implications for connectivity and should be highlighted and carried through the text and 
conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be 
wetlands in the report may risk criticism because it appears to either expand the definition of a river or 
downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the 
report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies.  
 
We offer the following additional recommendations (not in order of importance):  
 
1. Inconsistent terminology:  
We suggest that the language referring to riparian and floodplain wetlands remain consistent both within 
the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian 
and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use 
of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water 
bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to 
riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it 
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leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending 
the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian 
Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also 
note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and 
their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water 
body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”)	  We recommend 
that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The 
terminology used in the key findings and conclusions must align with the Glossary definitions and the 
Conceptual Framework. 
 
2. Temporal component:  
We suggest that the key findings and conclusions recognize the temporal dimension of waters and 
wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-
dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the 
transient nature of floodplains should be key points. This temporal perspective, combined with an 
emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-
developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. 
This might prove to be the best opportunity to highlight how hydrologists estimate the degree of 
connectivity, using flood frequency-floodplain inundation science throughout the entire report. 
Additionally, we suggest highlighting “channel migration zones”, which further address the lateral 
connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain 
valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and 
the next year following a large flood, the active channel may have migrated 100 meters to the opposite 
size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, 
including wetlands, are temporally variable and transient, and connectivity could include what has been 
referred to as the “channel migration zone”. Some states have regulations about how to define and 
protect (regulate development) channel migration zones that are non-floodplain portions of the valley 
floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for 
Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a. 
 
3. Further quantification: 
The key conclusions could be more empirically and/or more specifically described. Where there is 
demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of 
connectivity). 
 
4. Chemical linkages: 
We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and 
transforming chemical constituents be expanded under Key Finding d. This may require additional 
literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and 
water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as 
sediment storage, should be easily documented. There is ample literature on the water purification 
function of wetlands, and this is the rationale for constructed wetlands. 
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5. Biological linkages including food webs:  
We recommend further highlighting the role of biological connectivity between waters and wetlands in 
riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we 
encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are 
intimately linked through biological connections (including integrated wetland-river food webs) across a 
range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. 
For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into 
downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, 
etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in 
riparian/floodplain settings for species that are economically important as well as those species that are 
state and/or federally listed as endangered, but this would have to be first developed in the body of the 
report.  
 
6. Export vs. exchange: 
We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters 
and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that 
bidirectional biological, chemical, and hydrological transfers characterize the connections between the 
two systems.  
 
7. Case studies:   
Many panel members found the case studies to be useful. Building on the Panel’s recommendations for 
Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall 
conclusions.  
 
8. Human impacts:  
In some cases, it may be that human alteration of connectivity most clearly demonstrates how the 
function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the 
conclusions could be improved by explicitly mentioning how human activities (impairment as well as 
restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving 
systems. Mention should be made of alterations that both increase connectivity, such as ditches, and 
decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, 
this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished 
connectivity both in individual river segments and in aggregate (many floodplains along long stretch of 
rivers, if not entire rivers, may be affected by diking).  
 
9. Aggregate/cumulative effects: 
We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in 
the aggregate should be underscored in the key findings and conclusions. For example, these sections 
could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds 
of individual channel reaches) yields a very positive ecological and service effect in flood attenuation. 
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Detailed Comments and Alternative Wording Suggestions: 
 



For 1.4.2 



Throughout. Use “waters and wetlands in riparian/floodplain settings”. 



1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of 
river food webs” or other language that underscores food-web connectivity. 



1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using 
“waters and wetlands in riparian/floodplain settings”. 



1-9 line 21, bullet a. Delete “some”. 



1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”. 



1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence. 



1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”. 



1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”. 



1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  
Suggest revisiting p 5-7 lines 24-35 for a more relevant example. 



1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes 
biological connectivity. This might require a different lead sentence or an additional bullet on functional 
components/processes. 



1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain 
settings to birds, and how birds can spatially integrate the watershed landscape.  



For conclusions elsewhere: 



Throughout. Use “waters and wetlands in riparian/floodplain settings”. 



5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 
1.4.2.  At least try to get some of these points into the opening of 1.4.2. 



Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in 
riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high 
variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the 
text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, 
further changes may be needed. 



6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  
Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are 
a sink. It might be preferable to refer to sediment exchange influencing channel dynamics. 
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6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest 
reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web 
linkages. Role and importance of birds should also be mentioned.   












Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan



mailto:sullivan.191@osu.edu

http://go.osu.edu/mazeikasullivan










From: Armitage, Thomas
To: mrains@usf.edu
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge question 1 for the SAB Connectivity Panel"s report
Date: Wednesday, February 19, 2014 6:46:00 PM
Attachments: Response to question 2.docx


Response to question 2_redline.docx


Hi Mark,
 
I have incorporated some suggested editorial changes into your response to charge question 2 for
 the SAB Connectivity Panel’s report.  We must use a consistent format for all of the charge question
 responses and the attached revised text is in the format used for SAB reports.  I have listed the
 recommendations as bullets at the end of each section in order to let the reader to clearly see the
 SAB recommendations.  Please review the attached draft of the charge question 2 response and


 send me any changes needed by Wednesday, February 26th , or send me a response indicating that
 you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I have made.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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2/19/14 Draft. This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE





3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


	 and Function








Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that 


the literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. The literature review generally does not need to be changed, though  it could be strengthened by some technical editing. However, the conceptual framework needs to be revised and clearly articulated at the beginning of the Chapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous hydrological, chemical, and biological flowpaths; (4) certain terms used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 





3.2.1.	Defining Connectivity





To improve the clarity, accuracy, and usefulness of the Report connectivity needs to be defined and discussed at the beginning of Chapter 3. Connectivity can be defined in many ways. Therefore, it is essential to define it clearly and concisely in the Report. Currently, connectivity is not defined until page 3-28, long after much of the conceptual framework, as currently described, has been presented and discussed. The definition of connectivity should be extended to the entire landscape – not just to waters and wetlands but to entire watersheds and underlying aquifers – though a broader vision of local- to landscape-scale hydrological, chemical, and biological exchanges. The definition and discussion of connectivity at the beginning of Chapter 3 could be brief, with the many details and nuances to be addressed in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale hydrological, chemical, and biological exchanges.














3.2.2.	Defining the Scope of the Report





The SAB finds that the scope of the Report needs to be clearly defined and discussed at the beginning of Chapter 3. The definition of connectivity may extend to the entire landscape, but the Report is centrally concerned with connectivity between waters and wetlands and downgradient waters. Once this is established, it is essential that the report clearly define waters and wetlands. As currently written, it is not clear whether scope of the Report includes the broad landscape – floodplains in general, for example. Furthermore, many public commenters expressed concern about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:1]” to “one-parameter” waters and wetlands, for example. These confusions and concerns could be addressed in a very clear section on the scope of the Report immediately following the section on the definition of connectivity. Waters and wetlands could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. The SAB recognizes that the Report is a scientific and not a policy document, but finds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [1:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated. The Report should indicate whether its scope includes the broad landscape (e.g., floodplains in general). Once this is established, it is essential that the report clearly define waters and wetlands.





· Waters and wetlands covered in the Report could be defined as the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. 





3.2.3.	Use of a Flowpath Framework





As currently written, Chapter 3 of the Report contains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However there is less discussion in Chapter 3 of a conceptual framework with which to organize this detailed information. Lacking that explicit conceptual framework, the details are difficult to categorize and organize. This could be resolved with the presentation and discussion of a conceptual framework at the beginning of Chapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,” and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward, 1989). The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occurs at varying rates determined by primarily by climate, geology, and relief and primarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 





This could all be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to the beginning of Chapter 3 and expanded to include at least some representative hydrological, chemical, and biological flowpaths. In the revised figure, each representative type of flowpath could be color coded (e.g., hydrological=blue, chemical=red, and biological=green). Figure 1-1would thus become Figure 3-1, though it is referred to as revised Figure 1-1 in this SAB report. In the conceptual framework, hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. For example, the Ogallala aquifer underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina. Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as nutrient spiraling showing tight spiraling in the uplands giving way to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,” and “reef to ridge,” and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, the revised Figure 1-1 could become almost infinitely complex and equally incomprehensible, so it is important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the Report. The U.S. Geological Survey (USGS) has published numerous reports and teaching tools on groundwater connectivity, including example flowpath frameworks expressed in block diagrams (Heath, 1983, 1984; Winter et al., 1998). Care should be taken not to imply that bedrock is impermeable, because groundwater flows through bedrock are important hydrologic flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al., 1996). 





A very important next step would be to state how this conceptual framework is used in the Report. The SAB  recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that the EPA  has chosen to discuss landscape settings discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic, as long as the discrete classification is mapped onto the continuous conceptual framework. This could be done by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, all of the flowpaths could be removed and the classification system showing the three landscape settings (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





There are some omissions, inconsistencies, and errors in the hydrology sections of the Report. These are identified in an appendix to this SAB report. However, hillslope hydrology is discussed independently here because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef,” and potentially passing through or otherwise interacting with waters and wetlands along the way. The EPA Report should clearly describe the following four pathways by which water flows across the landscape: 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, so excess rainfall runs overland even though the water table is still below the ground surface. This is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). 





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970).





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil and rock. It commonly occurs because there are interconnected macropores above a low-permeability layer, so infiltrating rainfall is intercepted and channeled into the interconnected macropores where it flows in what is essentially a subsurface pipe (e.g., Beven and Germann, 1982). 





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall makes it to the water table and then flows laterally along with the general flow in that aquifer.





The Report should further discuss variable source areas, and how they expand and contract and therefore change the way that landscapes connect through storms and seasons (Dunne and Black, 1970). This has particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which are highly variable in space and time. The incomplete discussion of variable source areas is a critical shortcoming of the current version of the Report, because it is through variable source area expansion that waters and wetlands in non-riparian/non-floodplain settings can intermittently or ephemerally become the headward extent of headwater streams (e.g., Rains et al., 2006, 2008). In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendation that connectivity be discussed as a continuous phenomenon.  As previously noted, the EPA has chosen to discuss landscape settings discretely and has organized the Report in sections focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscape is discussed in this manner, it is important to clearly state that the lines delineating these landscape categories are conceptual and/or fluid, i.e., that there are no fixed bright lines between the categories.





To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPA consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM, 1996). This document was developed with funding from the EPA and it provides an effective way to characterize groundwater systems in diverse hydrogeological settings (e.g., Kolm et al., 1996). To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPA also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. It is particularly important to understand groundwater flow in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems). These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). 





The SAB also recommends that the EPA  include in the Report additional evidence of biological connectivity. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are dispersed throughout watersheds and organisms move among the habitats often throughout their life cycles (e.g., Schlosser and Angermeier, 1995; Falke et al., 2010).  Some species maintain populations in downgradient waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. Species using these habitats range across many different taxa, even within fish. The examples used in the Report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish living only in freshwater, and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals, require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, these populations decline, become threatened or endangered (or otherwise imperiled), or are extirpated entirely, showing that this connectivity is a key to the biological integrity of downgradient waters. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be revised and explicitly set apart from the details that follow. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





·  The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· A classification system should be mapped onto the conceptual framework in the Report, with an explicit statement that this classification system is used as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters. 








3.2.4.	Revising and Defining the Terminology Used in the Report





With regard to the discrete categories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: 1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes, or 2) the potential for unidirectional hydrologic flows to rivers and lakes. As previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward, 1989). Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems — in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Although this is an important difference, it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.” These terms would employ a commonly understood classification system that is grounded in the literature. This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire Report. 





The SAB also finds that use of the term “geographically isolated wetlands” by itself in the Report is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” are defined in the report to mean “wetlands surrounded by uplands.” These are very different definitions, meaning that this is an 11-syllable term (i.e., geographically isolated wetlands) that inadequately describes an eight-syllable phenomenon (i.e., wetlands surrounded by uplands). Nevertheless, the term “geographically isolated wetlands” has been established in the literature and is commonly used (e.g., Tiner, 2003b; 2003c). Therefore, it should not be ignored. However, the flowpath framework recommended by the SAB implies that there are no isolated waters or wetlands. Furthermore,  as discussed in other sections of this SAB report,  all waters and wetlands are connected over sufficiently long time scales. This conclusion is supported by the review and synthesis of the literature in the EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term geographically isolated wetlands runs counter to the continuous flowpath conceptual framework recommended by the SAB. A final point is that the term “geographically isolated wetlands” does not even fit into the current conceptual framework in the Report, in that the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SAB therefore recommends that the EPA carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that “geographically isolated wetlands” will not be used as an organizational term in Report. The SAB further recommends that the EPA then remove the term from later sections of the Report or, at the very least, ensure the term is used consistently and not interchangeably with other terms, as it has been on occasion in the section of the Report on unidirectional wetlands.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.





3.2.5.	Layers of Complexity in the Conceptual Framework





Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual model. The SAB recognizes that some of these issues are already addressed in various parts of the Report. In those cases, the SAB recommends expanding upon or moving the discussion to the section of the Report that outlines the major concepts underlying the conceptual framework.





Functions





The SAB recommends layering water and wetland function on the flowpath framework. The Report should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that the degree to which each function is performed is dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual framework is to explain up front that some functions are enhanced by connectivity and others by relative isolation. This is an important point, one that is implicitly made throughout the report and explicitly made in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will  help clarify the later discussion of functions that are enhanced by connectivity or relative isolation.





Spatial and Temporal Scales





Spatial and temporal scales are critical aspects of the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events, which can be important to the chemical, physical, and biological integrity of downgradient waters if the effects are long lived or the cumulative effects are important. Long lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though debris flows occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades. Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki, 2007). The SAB recommends that the Report compare and contrast the humid east and the arid southwest and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitude events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitude events. The latter are no less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity is not just a function of the frequency or duration of the connection. One way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands.  This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity 





Human Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in the  conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions (which  are broadly classified in the Report as source, sink, lag, transformation, and refuge functions) at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed). Each of these three types of alterations constitute alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Flow and Transport Forcings and Regionalization





The SAB finds that the Report fails to provide an adequate framework for considering connectivity in a regional context, especially for endmember states such as Hawaii and Alaska. This problem has been identified by a number of public commenters. The EPA therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). This would not represent a large departure from what the EPA has already tried to do in the Report, because HLRs are fundamentally a function of climate, geology, and relief, which are already recognized as central controls on watershed hydrology. Using the HLR framework would ground the discussion to consistent terminology. The terminology in the Report is currently inconsistent, sometimes referring to climate, geology, and relief, sometimes to climate and watershed characteristics, and other times focusing only on climate. Using the HLR framework also would ground the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that much more is known about connectivity in some settings than others. The Report could be improved by  explicitly recommending that readers use the HLR framework as a way to better understand the relevance of the findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible at sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 would make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 





Cumulative effects could be defined as a population attribute of all headwater streams in the watershed (i.e., a river network statistical attribute). This implies that there might be no measurable effect on downgradient waters if a small number of those headwater streams were to be impacted but that there might be substantial and possibly cascading effects on downgradient waters if a sufficient number of those headwater streams were to be impacted. Therefore, attempts to evaluate changes to individual waters and wetlands need to be considered in the context of past and planned alterations of other waters and wetlands in the watershed. Thus, the extent of the effect on downgradient waters rests on a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, consider a watershed in which the recurrence interval of debris flows on headwater streams is once in 200 years. Under these conditions, the probability of a debris flow on any given headwater stream in a given year is 0.5% and therefore that headwater stream might have a negligible effect on fish habitat in the downgradient waters. However, at the watershed scale, there are many hundreds of headwater streams. Under these conditions, the probability of a debris flow in the population of headwater streams in a given year is much higher and therefore the population of headwater streams might have substantial and controlling effects on fish habitats in the downgradient waters.





Cumulative effects have been clearly demonstrated in the scientific literature; a Google Scholar search on the words “EPA cumulative effects wetlands” retrieves many results, many of which were funded, authored, and/or published by the EPA. Therefore, the agency should have no difficulty in finding sufficient peer-reviewed literature for this new subsection.





Map Scale





The important issue of map resolution is mentioned in several parts of the Report, but it needs to be more clearly and thoroughly presented in a separate section. It could be effectively illustrated in a figure comparing the results of using different technologies. This would provide essential information for readers, including the lay public. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of the Report understand that many databases fail to include small streams and thus do not represent the magnitude of the river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. The increasing availability of high resolution DEM, including the National Elevation Dataset (NED) 10 m DEM. (USGS, 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrologic, geomorphic and ecological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances in technology.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). This would better enable readers to understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it should be more clearly and thoroughly presented in a separate section.








3.2.6.	Summary and Synthesis of the Conceptual Framework





The SAB finds that Chapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. The SAB recommends that the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of Chapter 3. The figure could then be used as a means of summarizing and synthesizing the conceptual model and explaining how the model guides the way that the agency is thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3, rather than being somewhat lost at the end of the entire Report in a chapter many will not read in any detail.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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3.2.	Conceptual Framework: An Integrated, Systems Perspective of Watershed Structure


	 and Function








Charge Question 2. Chapter 3 of the draft Report presents the conceptual basis for describing the hydrologic elements of a watershed; the types of physical, chemical, and biological connections that link these elements, and watershed climatic factors that influence connectivity at various temporal and spatial scales (e.g., see Figure 3-1 and Table 3-1). Please comment on the clarity and technical accuracy of this chapter and its usefulness in providing context for interpreting the evidence about individual watershed components presented in the Report. 





GENERAL IMPRESSIONS AND SUMMARY OF COMMENTS








The SAB was asked to comment on the clarity and technical accuracy of the conceptual framework of watershed structure and function presented in Chapter 3 of the EPA’s Report and the usefulness of the framework in providing context for interpreting information in the Report. The SAB finds that 


Tthe literature review in Chapter 3 of the Report is thorough, technically accurate, and readable. ThisThe literature review generally does not need to be changed, though the literature review it could be strengthened by some technical editing. However, the conceptual framework needs to be revised and clearly articulated inat the beginning of the cChapter to better enable the reader to access and understand the material. As further discussed below, the SAB finds that the following revisions are needed to improve the clarity, accuracy, and usefulness of the conceptual framework in the Report: (1) connectivity should be clearly defined at the beginning of Chapter 3; (2) the scope of the Report should be clearly defined at the beginning of Chapter 3; (3) the conceptual framework should be expressed as continuous hydrological, chemical, and biological flowpaths; (4) certain terms used in the Report should be replaced with more commonly understood terminology that is grounded in the peer-reviewed literature; (5) additional layers of complexity should be represented in the conceptual model in the Report; and (6) a summary and synthesis of the conceptual model should be added at the end of Chapter 3. 








1. Connectivity needs to be defined and discussed at the beginning of the chapter. Connectivity can be defined in many ways, and it is essential that the way that you define it is clear and concise. Connectivity should be extended to the entire landscape though a broad vision of local- to landscape-scale hydrological, chemical, and biological exchanges


2. The scope of the report needs to be clearly delineated. Waters and wetlands as covered in this report could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which being covered by the Clean Water Act as set forth under 33 CFR 328.3. [Cowardin et al. (1979) is already cited in the report.]


3. The conceptual framework needs to be revised and explicitly set apart from the details that follow, with a flowpath focus showing that watersheds are connected from “ridge to reef”, and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths. The conceptual framework should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure will show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 


4. A classification system could then be mapped onto that framework, with an explicit statement that this classification system is used as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto this flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply conveneient ways to bound the landscape for discussion purposes.


5. Groundwater connectivity, including regional groundwater connectivity across watershed divides, needs to be better defined and described in the context of connectivity between waters and wetlands and downgradient waters.


6. Biological connectivity needs to be better defined and described in the context of connectivity between waters and wetlands and downgradient waters. 


7. The terms bidirectional and unidirectional do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature.


8. The term geographically isolated wetlands is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected and that a fundamental finding of this review is that all waters and wetlands are connected at sufficiently long time scales. The term also is not used for organizational purposes in this report. We therefore recommend that you define geographically isolated wetlands in terms of the literature, explain that the term geographically isolated wetlands does not imply functional isolation, and then not use the term elsewhere in this report to the extent possible.


9. Once you have described the flowpath framework and explained how the flowpath framework is used in this report, then you should start layering on the complexity. Of particular importance are the following.


a. Begin by layering your function framework on the flowpath framework, noting that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


b. Spatial and temporal scales are critical to a discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


c. The role that human alterations play in the conceptual framework should be addressed explicitly.


d. You should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This would better enable readers to place the report in their own regional context.


e. The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection. 


f. The important issue of map resolution is mentioned in several parts of the report, but it needs to be more clearly and thoroughly presented in a separate section.


10. Add a summary and synthesis to the end of the chapter, perhaps using what is currently Figure 6.1 to frame the discussion.





DETAILED COMMENTS





Clearly Define Connectivity


3.2.1.	Defining Connectivity





To improve the clarity, accuracy, and usefulness of the Report Cconnectivity needs to be defined and discussed at the beginning of this cChapter 3. Connectivity can be defined in many ways. Therefore, it is  essential to define it clearly and concisely in the Report. Currently, connectivity isn’tis not defined until page. 3-28, long after much of the conceptual framework, such as it currently describedis, has been presented and discussed. The definition of cConnectivity should be extended to the entire landscape – not just to waters and wetlands but to entire watersheds and underlying aquifers – though a broader vision of local- to landscape-scale hydrological, chemical, and biological exchanges. This The definition and discussion of connectivity at the beginning of Chapter 3 could be brief at this point, with the many details and nuances to be addressed in the following sections of the Chapter.





Recommendations





· Connectivity should be defined and discussed at the beginning of Chapter 3 of the Report.





· The definition of connectivity in the Report should be extended to the entire landscape through a broad vision of local- to landscape-scale hydrological, chemical, and biological exchanges.





Clearly Define the Scope of the Report


3.2.2.	Defining the Scope of the Report





The SAB finds that tThe scope of this the report also needsReport needs to be clearly defined and discussed at the beginning of this cChapter 3. The definition of cConnectivity may extend to the entire landscape, but thisthe rReport is centrally concerneds with connectivity between waters and wetlands and downgradient waters. Once this is established, it is essential that the report clearly define waters and wetlands. As currently written, it is not clear whether scope of the Report includes Some panel members were confused by the scope, and began drifting off of waters and wetlands and onto the broader landscape – floodplains in general, for example. Furthermore, many public commenters were expressed concerned about the potential expansion of the scope of jurisdiction of the underlying Clean Water Act – from “three-parameter[footnoteRef:1]” to “one-parameter” waters and wetlands, for example. These confusions and concerns could be addressed in a very clear section on the scope of the rReport immediately following the section on the definition of connectivity. Waters and wetlands could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. [Cowardin et al. (1979) is already cited in the report.] We The SAB recognizes that the Report this  is a scientific and not a policy reportdocument, but believefinds that ignoring this distinction only serves to create unnecessary confusion and concern among the readership. [1:  The “one parameter” wetland classification system (Cowardin et al., 1979) classifies an area as a wetland if it has one or more of the following three attributes: (1) the area supports predominantly hydrophytes at least periodically; (2) the land has substrate that is predominantly undrained hydric soil; or (3) the land has nonsoil substrate that is saturated with water or covered by shallow water at some time during the growing season of each year. The “three parameter” classification system (33CFR 328.3(b); USACE 1987) requires that an area have all three of these attributes to be classified as a wetland.] 






Recommendations





· The scope of the Report should be clearly delineated. The report should indicate whether its scope includes the broad landscape (e.g., floodplains in general). Once this is established, it is essential that the report clearly define waters and wetlands.





· Waters and wetlands covered in the Report could be defined as the large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. 





Use a Flowpath Framework


3.2.3.	Use of a Flowpath Framework





As currently written,  this cChapter 3 of the Report is heavy on detailcontains detailed information about river system characteristics, the effects of streams and wetlands on downstream waters, and factors influencing connectivity. However there is less discussion in Chapter 3but light on of a conceptual framework with which to organize thethis detailed information. Lacking that explicit conceptual framework, the details are difficult to categorize and organize. This could be resolved with the presentation and discussion of a conceptual framework at the beginning of the cChapter 3. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef,”, and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward, 1989). [Ward (1989) is already cited in the report.] The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occurs at varying rates determined by primarily by climate, geology, and relief and primarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 





This could all be briefly presented and discussed in the context of a revised Figure 1-1 (currently on page 1-2 of the Report), which could be moved to here the beginning of Chapter 3 and expanded to include at least some representative hydrological, chemical, and biological flowpaths. In the revised figure,, with each representative type of flowpath could bebeing color coded (e.g., hydrological=blue, chemical =red, and biological=green). In other words, Figure 1-1 would thus instead become Figure 3-1, though we continue to it is referred to it as revised Figure 1-1 in this SAB report review. In the conceptual framework, Hhydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (Think, fFor example, of the Ogallala aquifer, which underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, which underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina.) Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as nutrient spiraling showing tight spiraling in the uplands giving way to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds who that eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef,”, and “reef to ridge,”, and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, this figurethe revised Figure 1-1 could get become almost infinitely complex and equally incomprehensible, so it would beis important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the rReport. The U.S. Geological Survey (USGS) has published numerous reports and teaching tools on groundwater connectivity, including example flowpath frameworks expressed in block diagrams (Heath, 1983,; 1984; Winter et al., 1998)). [Heath, RC. 1983. Basic Ground-Water Hydrology. US Geological Survey Water Supply Paper 2220, US Government Printing Office, Washington, DC. AND Heath, RC. 1984. Ground-Water Regions of the United States. US Geological Survey Water Supply Paper 2242, US Government Printing Office, Washington, DC. AND Winter, TC, Harvey, JW, Franke, OL, and Alley, WM. 1998. Ground Water and Surface Water: A Single Resource. US Geological Survey Circular 1139, US Government Printing Office, Washington, DC.]  Care should be taken not to imply that bedrock is impermeable, because groundwater flows through bedrock are important hydrologic flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al., 1996). [Roses, TP, Davisson, ML, and Criss, RE. 1996. Isotope hydrology of voluminous cold springs in fractured rock from an active volcanic region, northeastern California. Journal of Hydrology 179:207–236.]








A very important next step would be to state how this conceptual framework is used in thisthe rReport. The SAB We would generally prefer  recommends that connectivity be discussed as a continuous phenomenon. However, we recognize that  understand that you the EPA believe that you can better communicate if the  has chosen to discuss landscape settings is discussed discretely in the Report, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This approach is not problematic is fine, as long as thisthe discrete classification is mapped onto the continuous conceptual framework. This could be done by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, you could remove all of the flowpaths could be removed and add the classification system showing the three landscape settings, (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings) could be added. Then, in the third block diagram, you could merge the first and second block diagrams could be merged, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





There are some omissions, inconsistencies, and errors in the hydrology sections of the Report. Many of tThese are better discussed in the line-by-line commentsidentified in an appendix to this SAB report., but However, hillslope hydrology is discussed independently here, because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef,”, and potentially passing through or otherwise interacting with waters and wetlands along the way. You The EPA Report should clearly describe the following four pathways by which water flows across the landscape: infiltration-excess overland flow, saturation-excess overland flow, interflow, and saturated groundwater flow. 





1. Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, so excess rainfall runs overland even though the water table is still below the ground surface. This is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). [Horton, RE. 1945. Erosional development of streams and their drainage basins; Hydrophysical approach to quantitative morphology. Geological Society of America Bulletin 56:275–370.]





2. Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.]





3. Interflow: This is rapid lateral flow in the unsaturated zone of soil or rock. It commonly occurs because there are interconnected macropores above a low-permeability layer, so infiltrating rainfall is intercepted and channeled into the interconnected macropores where it flows in what is essentially a subsurface pipe (e.g., Beven and Germann, 1982). [Beven, K, Germann, P. 1982. Macropores and water flow in soils. Water Resources Research 18:1311–1325.]





4. Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall makes it to the water table and then flows laterally along with the general flow in that aquifer.





You The Report should further discuss variable source areas, and how they expand and contract and therefore change the way that landscapes connect through storms and seasons (Dunne and Black, 1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.] This has particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which beingare highly variable in space and time. This The incomplete discussion of variable source areas is a critical shortcoming of the current version of the rReport, because it is through variable source area expansion that waters and wetlands in non-riparian/non-floodplain settings can intermittently or ephemerally become the headward extent of headwater streams (e.g., Rains et al., 2006; 2008). [Rains et al. (2006; 2008) are already cited in the report.] In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons for the SAB recommendation we would generally prefer that connectivity be discussed as a continuous phenomenon. Again, however, we understand that you believe that you can better communicate if the As previously noted, the EPA has chosen to discuss landscape settings is discussed discretely and has organized the Report in sections focusing on rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. If landscape is discussed in this manner, it is important to Perhaps the way around this problem is to clearly state that the lines delineating these  landscape categories are conceptual and/or fluid, i.e., that there are no fixed bright lines between the categories.








To provide a better understanding of groundwater connectivity, and the way that groundwater connectivity might vary spatially, the SAB recommends that the EPAyou might consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (ASTM, 1996) (HYPERLINK "http://www.astm.org/Standards/D5979.htm"http://www.astm.org/Standards/D5979.htm). This document was developed with under funding from the EPA and has proven to be it provides an effective way to characterize groundwater systems in diverse hydrogeological settings (e.g., Kolm et al., 1996). [Kolm, KE, van der Heijde, PKM, Downey, JS, and Gutentag, ED. 1996. Conceptualization and characterization of ground-water systems. In Ritchey, JD, and Rumbaugh, JO (eds.), Subsurface Fluid-Flow (Ground-Water and Vadose Zone) Modeling, ASTM STP 1288, American Society for Testing and Materials, West Conshohocken, PA.] To better characterize regional-scale groundwater connectivity, the SAB recommends that the EPAyou might also consider using findings from the U.S. Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. It is Pparticularly important tois an understanding groundwater flow of in unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), to name a few These and other unique hydrogeological settings are covered by the RASA Program. More information, including a complete list of aquifer systems covered by the RASA Program, can be found in Sun et al. (1991). [Sun, RJ, Weeks, JB, and Grubb, HF. 1991. Bibliography of Regional Aquifer-System Analysis Program of the US Geological Survey, 1978-91. US Department of the Interior, Washington, DC.]





The SAB also recommends that the EPA You also should make better use ofinclude in the Report additional evidence of biological connectivity. Organisms use habitats that are critical to their life-history requirements (i.e., their life cycles cannot be completed without these habitats). These habitats are dispersed throughout watersheds that are critical to their life-history requirements (i.e., they cannot complete their life cycle without them), and organisms move among these habitats during and often throughout their life cycles (e.g., Schlosser and Angermeier, 1995; Falke et al., 2010). [Schlosser, IJ, and Angermeier, PL. 1995. Spatial variation in demographic processes of lotic fishes: conceptual models, empirical evidence, and implications for conservation. American Fisheries Society Symposium 17:392—401. Falke et al. (2010) is already cited in the report.] Some species maintain populations in downgradient waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. These sSpecies using these habitats range across many different taxa, even within fish. The examples used in the rReport tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish living only in freshwater, and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals, require these critical habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, these populations decline, become threatened or endangered (or otherwise imperiled), or are extirpated entirely, showing that this connectivity is a key to the biological integrity of downgradient waters. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Recommendations





· The conceptual framework in the Report should be revised and explicitly set apart from the details that follow. The framework should have a flowpath focus showing that watersheds are connected from “ridge to reef,” and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths.





·  The conceptual framework in the Report should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure should show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 





· A classification system should be mapped onto the conceptual framework in the Report, with an explicit statement that this classification system is used as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto the flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply convenient ways to bound the landscape for discussion purposes.





· Groundwater connectivity, including regional groundwater connectivity across watershed divides, should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters.





· Biological connectivity should be better defined in the Report and described in the context of connectivity between waters and wetlands and downgradient waters. 








3.2.4.	Revisinge and Defininge the Terminology Used in the Report





With regards to your the discrete categoriescategories of systems discussed in the Report (i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings), we strongly believe the SAB finds that “bidirectional” and “unidirectional” are misleading terms. The Report uses these terms to describe wetlands and open waters with: 1) the potential for non-tidal, bidirectional hydrologic flows with rivers and lakes, or 2) the potential for unidirectional hydrologic flows to rivers and lakes. As we’ve previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward, 1989). [Ward (1989) is already cited in the report.] Bidirectional and unidirectional hydrologic flow certainly describe a key difference among wetland and open water systems — in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. AlTthough this is an important difference, this differenceit it does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, the SAB we recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.”. These terms would employ a commonly understood classification system that is grounded toin the literature.– This is important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire rReport. 





The SAB This also finds that use of the seems the appropriate point for our review to address another category, that beingterm “geographically isolated wetlands” by itself in the Report. The term by itself is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space.” However, “geographically isolated wetlands” but are are defined in the report to mean “wetlands surrounded by uplands.”. These are very different definitions, meaning that this is an 11-syllable term (i.e., geographically isolated wetlands) that inadequately describes an eight-syllable phenomenon (i.e., wetlands surrounded by uplands). Nevertheless, this the term “geographically isolated wetlands” has been established in the literature and has made it into is commonly used (e.g., Tiner, 2003b; 2003c). [Tiner (2003b; 2003c) are already cited in the report.] Therefore, it should not be ignored. However, the flowpath framework we recommend you adopt recommended by the SAB implies that there are no isolated waters or wetlands. Furthermore, elsewhere in this review, we  as discussed in other sections of this SAB report, state that all waters and wetlands are connected over sufficiently long time scales., a This conclusion we believe your review already conclusion is supporteds by the review and synthesis of the literature in the  EPA Report. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term geographically isolated wetlands runs counter to the basic continuous flowpath conceptual framework recommended by the SABand one of the central findings of this review. A final point is that the term “geographically isolated wetlands” doesn’t does not even fit into your the current conceptual framework in the Report, in that you the Report explicitly states that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. The SABWe therefore recommends that you that the EPAtake this opportunity to carefully define “geographically isolated wetlands” in terms of the literature, explain that the term “geographically isolated wetlands” was never meant to imply functional isolation, and then further explain that you will not be using the term “geographically isolated wetlands” will not be used as an organizational term in this rReport. The SAB We further recommends that the EPAyou then remove the term from later sections of the rReport or, at the very least, ensure that the term is used consistently and not interchangeably with other terms, as it has been you do on occasion in the section of the Report on unidirectional wetlands.





Recommendations





· The terms “bidirectional” and “unidirectional” do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced in the Report with more commonly understood terms that are grounded in the peer-reviewed literature. The SAB recommends that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings.





· The term “geographically isolated wetlands” is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected, and that a fundamental finding of the SAB is that all waters and wetlands are connected at sufficiently long time scales. Therefore, the term “geographically isolated wetlands” should be defined in the Report in terms of the literature. The EPA should explain that use of the term “geographically isolated wetlands” does not imply functional isolation. The SAB recommends that, to the extent possible, the EPA avoid using the term in the Report.








3.2.5.	Layers of Complexity on in the Conceptual Framework





Once you the EPA havehas described the flowpath framework and explained how the flowpath framework is used in thisthe rReport, then additional layers of complexity (focusing on the issues discussed below) should be represented in the conceptual modelyou should start layering on the complexity. WeThe SAB recognizes that some of these issues are currently already addressed elsewhere in various parts of the rReport. In those cases, we may only be the SAB suggestingrecommends that they either be expandinged upon or simply be movinged the discussion to this earlier the ssection of the Report that outlinesing the major concepts underlying the conceptual framework.





Functions





The SAB recommends You might begin by layering  water and wetlandyour  function framework on the flowpath framework, framework. The Report should notingindicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, and that with the degree to which each function is performed is being dependent upon landscape position and related connectivity. The importance of including this in the discussion of the conceptual frameworkdoing so here is that you canto explain up front that some functions are enhanced by connectivity, and others by relative isolation. This is an important point, one that you is implicitly madeke throughout the report and explicitly madeke in the section on unidirectional wetlands. Including a functions layer in the conceptual framework will Stating as much explicitly in terms of these functions here will help clarify the later discussion of functions that are enhanced by connectivity or relative isolationyou better make those implicit and explicit cases later.





Spatial and Temporal Scales





Spatial and temporal scales are critical toaspects of a the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events, which can be important to the chemical, physical, and biological integrity of downgradient waters if the effects are long lived or the cumulative effects are important. The formerLong lived effects might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though debris flowsthey occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades. The latter Important cumulative effects might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki, 2007). [Izbicki, JA. 2007. Physical and temporal isolation of mountain headwater streams in the western Mojave Desert, southern California. Journal of the American Water Resources Association 43:26—40.] The SAB recommends that the rReport could compare and contrast the humid east and the arid southwest, noting and indicate that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitude events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitude events. The latter are no less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity isn’tis not just a function of the frequency or duration of the connection. Perhaps oOne way to conceptualize this in the Report is by developing a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands. , which This would go a long way toward helping readers better understand the regional context of the spatial and temporal scale of connectivity understand their regional context in regards to this issue.





Human Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in yourthe  conceptual framework should be addressed explicitly in the Report. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions –  (which you  are broadly classifiedy in the Report as source, sink, lag, transformation, and refuge functions) – at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed)., eEach of these three types of alterations which constituteing alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Flow and Transport Forcings and Regionalization





One problem repeatedly identified by both the reviewers and public commenters is 


The SAB finds that the rReport fails to provide an adequate framework for regionalizationconsidering connectivity in a regional context, especially for endmembers states such as Hawai’i and Alaska. This problem has been identified by a number of public commenters. The EPAYou  therefore should consider expressing flow and transport forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This would not represent a large departure from what the EPA has you have already tried to do in the Report, because HLRs are fundamentally a function of climate, geology, and relief, which you are already recognized as central controls on watershed hydrology. Using the HLR framework would ground your the discussion to consistent terminology. The terminology, which would help because in the youReport is currently inconsistentbounce around a bit, sometimes sayingreferring to climate, geology, and relief, othersome times saying to climate and watershed characteristics, and some other times focusing only on climate. Using the HLR framework also would ground your the discussion in the Report to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that we know much more is known about connectivity in some settings than others. The Report could be improved by You could end by explicitly recommending that readers use the HLR framework as a way to better understand the relevance of the your findings in the document to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible at sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 would make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 





Cumulative effects could be defined as a population attribute of all headwater streams in the watershed (i.e., a river network statistical attribute). This implies that there might be no measurable effect on downgradient waters if a small number of those headwater streams were to be impacted but that there might be substantial and possibly cascading effects on downgradient waters if a sufficient number of those headwater streams were to be impacted. Therefore, attempts to evaluate changes to individual waters and wetlands need to be considered in the context of past and planned alterations of other waters and wetlands in the watershed. Thus, the extent of the effect on downgradient waters rests on a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, consider a watershed in which the recurrence interval of debris flows on headwater streams is once in 200 years. Under these conditions, the probability of a debris flow on any given headwater stream in a given year is 0.5% and therefore that headwater stream might have a negligible effect on fish habitat in the downgradient waters. However, at the watershed scale, there are many hundreds of headwater streams. Under these conditions, the probability of a debris flow in the population of headwater streams in a given year is much higher and therefore the population of headwater streams might have substantial and controlling effects on fish habitats in the downgradient waters.





Cumulative effects have been clearly demonstrated in the scientific literature; a Google Scholar search on the words “epaEPA cumulative effects wetlands” retrieves many results, many of which werebeing funded, authored, and/or published by the EPA. Therefore, you the agency should have no difficulty in finding sufficient peer-reviewed literature for this new subsection.





Map Scale





The important issue of map resolution is mentioned in several parts of the rReport, but it needs to be more clearly and thoroughly presented in a separate section. It could be effectively illustrated in a figure comparing the results of using different technologies.  This would that provides essential information for the readers, including the lay public. A related topic that could be addressed in the Report is the increasing availability of light detection and ranging (LiDAR) digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of this documentthe Report understand that many databases fail to include small streams and thus do not represent the magnitude of the problemthe river and stream network. For example, Meyer and Wallace (2001) have indicated that in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed. (Meyer and Wallace, 2001). [Meyer and Wallace (2001) is already cited in the report.] The increasing availability of high resolution DEMs (,including the National Elevation Dataset [(NED)] 10 m DEM), (USGS, 2014) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrologic, geomorphic and ecological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances in technology.





Recommendations





· Once the EPA has described the flowpath framework and explained how the framework is used in the Report, additional layers of complexity should be represented in the conceptual model. In developing additional layers of complexity, the EPA should focus on the following issues.





· A water and wetland function framework should be layered on the flowpath framework. EPA should indicate that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales should be addressed in the discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· The EPA should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). This would better enable readers understand the regional relevance of findings in the Report.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection in the Report. 


· The important issue of map resolution is mentioned in several parts of the report, but it needs to be more clearly and thoroughly presented in a separate section.








3.2.6.	Add a Summary and Synthesis of the Conceptual Frameworkat the End of the Chapter





The SAB finds that This entire cChapter 3 of the Report ends abruptly, with no summary or synthesis of the conceptual framework. WeThe SAB recommends that you the EPA consider moving Figure 6.1 (The role of connectivity in maintaining the physical, chemical, and biological integrity of water) to the end of this cChapter 3., using The figure could then be  it asused as a means to of summarizinge and synthesizinge yourthe conceptual model and explaining how your the conceptual model guides the way that you the agency isare thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well in Chapter 3here, rather than being somewhat lost at the end of the entire rReport in a chapter many will not read in any detail.





Recommendation





· A summary and synthesis of the conceptual framework should be added to the end of Chapter 3 of the Report using what is currently Figure 6.1 to frame the discussion.
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3.3.	Lotic Systems:  Ephemeral, Intermittent, and Perennial Streams





3.3.1.	Review of the Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellent review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review is based on pertinent literature and is strongly grounded in current science. However, the SAB has provides a number of recommendations to improve Chapter 4 of the Report. The order in which these recommendations are presented below does not connote their relative importance. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





3.3.1.1.  Expanding the Review of Hydrologic Exchange Flows Between Main Channels and 


	  Off Channel Areas





The SAB recommends that in Chapter 4 of the Report, the description of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins (in pools and in recirculating eddies) be expanded to include a more complete discussion of the processes involved and to give more attention to spatial and temporal variability. The revised text should include broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals that affect downstream water quality. The discussion should go beyond just nitrate removal to include phosphorus removal and examples of fate and transport of contaminants such as toxic metals and organic contaminants. The text should also describe how surface-subsurface water interactions affect stream temperature and habitat for fish and other organisms, particularly when surface water flows diminish but subsurface flow is present. 





 The following references, and others that are similar, should be considered for inclusion in a broader discussion of hyporheic processes: Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 











Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report for a broader discussion of hyporheic processes.





3.3.1.2.  Expanding the Discussion of Naturally Occurring Chemical Constituents, Contaminants,  


		 and Contaminant Transformations





The EPA should expand the discussion in the Report of naturally occurring chemical constituents other than nutrients (i.e., N and P), contaminants, and contaminant transformations. The SAB finds that the Report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems is covered in the Report, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. The Report should also further discuss sediment bound contaminants and their downstream movement and effects on downstream waters. 





The following references (and others that are similar) should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., N, P), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of naturally occurring chemical constituents, contaminants and contaminant transformation processes.





3.3.1.3.  Expanding the Discussion of Factors that Influence Stream Temperature





The SAB finds that the role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow should be expanded. The Report should also more explicitly describe the effects of hyporheic flow and storage and its resulting lag and attenuation effects that buffer temperature extremes within streams. The discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of their comparative effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. The SAB recommends that the report be revised to expand the discussion of how environmental alterations in channels and upslope areas influence stream temperature dynamics. The SAB further recommends that the report directly address the influence of stream temperature on downstream connectivity.





The following references (and others that are similar) should be considered for inclusion in the discussion factors that influence stream temperature: Arrigoni et al. (2008); Hester, E.T et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network typology; and environmental/human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.





· The additional references identified above, and others that are similar, should be considered for inclusion in the discussion of factors that influence stream temperature.





3.3.1.4.  Clarifying the Temporal Dynamics of Flow-Related Aspects of  Connectivity  





The Report does not contain a succinct yet comprehensive paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and its effects on the transport of materials and sediment and on downstream water quality. The SAB finds that this Chapter 4 of the Report would benefit from a separate section to remedy this. Such a section should more fully characterize the temporal dynamics of streamflow (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. For example, the Report correctly describes how headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. The SAB also recommends that the discussion of ecological consequences of flow connections provided by headwater streams be expanded. The SAB also finds that short-term flow connections can be important. That is, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. 





More discussion and additional literature citations should be included in the Report to highlight the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB recommends that the Report be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should include discussion of how human alterations affect the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). Overall, the SAB recommends tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections. Boano et al. (2013); Constantz (2008); Harvey et al. (2012); and O'Connor et al. (2012). 





Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and its effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation.





· The additional references identified above, and others similar, should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





3.3.1.5.  Strengthening the Review of Biological Connectivity  





As previously discussed, the report should be revised to more thoroughly document evidence that biota move throughout the lentic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen Chapter 4 of the report. The following key points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without these habitats), and many species move among these habitats during their life cycles.


· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


· These mobile species range across many different taxa, even within fish, and include many more than those identified in the Report, which are mainly salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


· Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when upstream, lateral, and disconnected habitats are degraded or destroyed. This shows that connectivity to these habitats is a key to the biological integrity of downstream waters.


· Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendation





· The Report should be revised, and additional references should be included, to more thoroughly document evidence that biota move throughout the lentic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity, as detailed in the points above.


 


3.3.1.6.  Review of the Human-Modified Headwater Stream Literature 





As previously mentioned, the SAB finds that the Report lacks references to the literature on human-modified headwater streams. This literature should be included in the Report in order to provide information about the consequences of alterations of headwater systems to water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity; the effects of such disruptions illustrate he importance of headwaters to downstream areas in various landscapes. The SAB recommends that the following human alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human-altered or even human-created streams may provide significant ecological functions and these can affect downstream waters. A succinct discussion of the role of stream restoration and its effects on downstream waters would strengthen the Report. 





The following references (and others that are similar) should be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Lautz et al. (2008); and O’Connor et al. (2010).





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effect of: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams.





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streams 





3.3.1.7.   Highlighting the Role of Headwater Streams in Aggregate and Cumulative Effects  on 


	   Downstream Ecosystems





The SAB recommends that a new section on the role of headwater streams in aggregate and cumulative effects on downstream ecosystems be added to Chapter 4 of the Report. This new section should draw upon the large body of literature on cumulative watershed effects of land use, based on both modeling and empirical studies. In addition, the existing section on watershed modeling should be improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). 





The following references (and others that are similar) should be considered for inclusion in the Report to document the role of headwater streams in aggregate and cumulative effects on downstream ecosystems: Alexander et al. (2009); Böhlke et al. 2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others that are similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity:  





3.3.1.8.  Expanding the Discussion of the Effects of Streamside Vegetation on Stream Ecosystems





The SAB notes that many of the beneficial ecological effects of streamside vegetation are not exclusively associated with riparian wetland function (e.g., effects of leaf letter inputs to downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others. These beneficial effects occur along the entire longitudinal profile, but are especially important to headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.











Recommendation


 


· The Report should be revised and additional references should be added to expand the discussion of the effects of streamside vegetation on stream ecosystems.





3.3.1.9.  Food-web Connections from Riparian Zones to Streams that Support Aquatic Organisms





The SAB recommends adding a new section to the Report to thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. The Report focuses on strictly aquatic connections, however, organisms that define the biological integrity of downstream waters are embedded in food webs and these food webs transcend aquatic-terrestrial boundaries. The following key points should be included in the new text:





· Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


· Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


· As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


· Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 





· The SAB recommends adding a section, with additional references, to the Report that thoroughly documents the importance of food-web connections from riparian zones to streams that support aquatic organisms; the new section should discuss the points itemized above.





3.3.1.10.  Clarifying How Case Studies Were Selected  





The SAB recommends that text be added to the Report to clarify how the case studies were selected. In addition, a case study that focuses on human dominated systems should be added to the Report in order to include information about the effect of human dominated systems on downstream waters. For example, the Rio Grande case study on arid rivers provides excellent examples of human-modified systems and its description of human effects could be expanded.





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study.





3.3.1.11.  Clarifying the Report Findings Concerning the Strength or Degree of Downstream 


	    Connectivity 





 The SAB recommends that the Report text be revised to clarify the finding regarding the strength or degree of downstream connectivity. At a minimum, this clarification should be addressed in the Chapter 4 section on headwater streams, but the topic should also be clarified throughout the Report. The SAB finds that the Report needs a more focused discussion of the relative strength/degree of connectivity for intermittent and ephemeral streams and their variable source areas. This could be achieved through a discussion of the frequency, duration, and magnitude of surface and subsurface connections. It is important to note that subsurface flows often persist after surface flows wane; further, these subsurface flows may provide important connectivity functions from ephemeral streams to downstream waters. In addition as previously discussed, even ephemeral streams and short duration surface water connections in source water areas may have substantial effects on the chemistry and biology of downstream waters. 





The SAB recommends that the following reference (and others that are similar) be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).





Recommendations





· The SAB recommends that the degree/strength of downstream connections be highlighted or discussed in each major subsection of Chapter 4 of the report (e.g. for subsections on temperature, chemical, and biological connections, etc.). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 


[bookmark: _GoBack]
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3.3.2.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams





Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.41 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in section 1.4.1 of the Report states that: The scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: All tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and related findings. The SAB strongly supports the current emphasis in the Report on the importance of considering cumulative impacts and recommends only minor changes in the conclusions and findings in Section 1.4.1. 





[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Report should be revised so that the conclusions and findings in Section 1.4.1 are clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report, “Synthesis and Implications,” (p. 4-35) could be improved by use of bullets to highlight its main findings. This would underscore the key functions summarized in Table 4.1 which highlight five key stream functions and their effect on downstream waters: sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself as a function to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages five (six if connectivity is included) should be reiterated succinctly[footnoteRef:1] and consistently across the relevant Report chapters. These are Sections 4.6, “Streams: Synthesis and Implications” (p. 4-35); Section 1.4.1, “Key Findings” (p.1-7), and Section 6.1 “Major Conclusions,” (p. 6-1). At present, these summaries vary in content, length, and number of literature citations and these inconsistencies obscure the Report’s conclusions.  [1:  i.e., the summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1 should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





·  Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added as a function to Table 4.1 using biological connections as an example. 





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.3.2.1.  Recommendations to Strengthen the Findings and Conclusions Concerning Ephemeral,


  Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial streams by addressing the issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that statements in the Report that unequivocally support conclusions about the connectivity of streams should instead be stated in quantitative terms wherever possible. For example: “of X studies, X% support the conclusion of connectivity.” 





The SAB also recommends that the text of the Report be revised to describe system boundaries (e.g., transitions between uplands and headwaters) and to provide better definition of the boundaries of a stream. The report should also better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to state that “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in conclusions. In addition, the SAB recommends that text be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. 





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that this conclusion could be strengthened in three ways: 1) by adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters, 2) by summarizing existing evidence of the frequency of these connections, and 3) by identifying where further research needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) in downstream connectivity; this role should be reiterated in the conclusions. In addition, the conclusions in the Report should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not water the upstream channels are perennial. Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling, because both processes are important (e.g., the text should explain the role of denitrification processes in removing nutrients from streams).





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the Report’s conclusions in matrix form. A well designed matrix could have several advantages. It would better communicate the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams, wetlands). The SAB also recommends including in the Report brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities and effects. Use of graphical methods to convey the level of confidence in the Report’s conclusions (e.g., similar to Intergovernmental Program on Climate Change reports) would also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn at for an individual site at a local scale, could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to understand how the Report’s case studies are intended to serve the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes. For example, in the case study on prairie streams, the key point was how human alterations affect connectivity. The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 





The SAB recommends an alternative framework for the case studies, in which hydrology is a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and weather-dependent conclusions from broader general conclusions. The SAB finds that the case studies conclusions could be improved by being explicit about how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions Throughout the Text


 


The SAB also notes that it is essential that the Report’s descriptions of functions and linkages be consistently and succinctly stated in Section 4.6. “Streams:  Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that unequivocally support conclusions about the connectivity of streams should instead be stated in quantitative terms wherever possible. 





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters and to provide better definition of the boundaries of a stream. 





· The report should better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.





· The SAB recommends that the conclusions concerning ephemeral streams be strengthened by: adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters, summarizing existing evidence of the frequency of these connections, identifying where further research needed, and clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





· The summary of chemical functions that has been included in the Report should be strengthened by including details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The SAB recommends that the EPA consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities and effects.





· The SAB recommends that the Report be revised to clarify the intended use of the case studies. An alternative framework for the case studies could be used in which hydrology is a unifying theme. In the case studies, the EPA could also consider distinguishing flow, geology- and weather-dependent conclusions from broader general conclusions.





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.
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3.3.	Lotic Systems:  Ephemeral, Intermittent, and Perennial Streams





3.3.1.	Review of the Literature on Connectivity and Effects of Ephemeral, Intermittent, and Perennial Streams





Charge Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands). Please comment on whether the Report includes the most relevant published literature with respect to these types of streams. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB finds that Chapter 4 of the Report is an excellent review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The Report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The review was based on pertinent literature and that the text is strongly grounded in current science. However, the SAB provides a number of recommendations to improve Chapter 4 of the Report. The order in which they are presented below does not connote their relative importance. The SAB has also identified additional references to relevant peer reviewed literature that the EPA should consider citing in the Report. 





The panel recommends that the report be expanded to include further discussion of the following: 





3.3.1.1.  Expanding the Review of Hydrologic Exchange Flows Between Main Channels and 


	  Off Channel Areas








1. Hydrologic exchange flows between main channels and off channel areas  


2. Naturally occurring chemical constituents other than nutrients (N, P) and contaminants


3. Multiple factors that influence stream temperature 


4. Biological connectivity 


5. Temporal dynamics of connections 


6. Human-modified headwater streams 


7. Headwater streams in aggregate/cumulative 


8. Nutrient and contaminant transformations  


9. Streamside vegetation (i.e., riparian zones or areas) 


10. Food web dynamics


11. Strength/degree of connectivity





The SAB panel members were universally impressed with Chapter 4 and its excellent review of the literature that describes the connectivity of headwater streams to downstream waters. The panel agreed that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology. 





The Panel agreed that the review was based on pertinent literature and the text was strongly grounded in current scientific understanding. The following recommendations represent ways to improve the document. We have numbered these comments for ease of discussion, but they are not numbered in order of importance. In addition to these general comments, detailed comments and referral to relevant literature are included in the preliminary comments from the panel. 





      1. Improve the review of hydrologic exchange flows between main channels and off channel areas.  The SAB recommends that Includethe discussion in the Report of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins, in pools, and in recirculating eddies, be expanded to . Iinclude a more complete discussion of the processes involved and give more attention to spatial and temporal variability. The revised text should 


Iinclude a broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals with effects on downstream water quality. Expand tThe discussion should go beyond just nitrate removal to by includeing phosphorus removal and as well as examples of fate and transport of contaminants such as toxic metals and organic contaminants. (see 2 below). 


Extend tThe text should also describe discussion to communicate how surface-subsurface water interactions affect stream temperature, and habitat for fish and other organisms, including when surface water contracts flows diminish but subsurface flow is present (see 3 below). 





 The SAB also recommends that the following references (and others similar) be considered for inclusion in the For a broader discussion of hyporheic processes:  see for example: Buffington and Tonina (2009); Karwan and Saiers (2012); Poole et al. (2006); Sawyer, et al. (2011); and Stonedahl et al. (2010). 





Recommendations





· The review of hydrologic exchange flows between main channels and off channel areas should be expanded in the Report to include the topics summarized above.





· Additional references (identified above), and others that are similar, should be considered for inclusion in the Report for a broader discussion of hyporheic processes.








Buffington, J. M., and D. Tonina (2009), Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass, 3, doi:10.1111/j.1749-8198.2009.00225.x.





Karwan, D. L. and J. E. Saiers (2012). Hyporheic exchange and streambed filtration of suspended particles. Water Resour. Res., 48, W01519, doi: 10.1029/2011WR011173.





Poole, G. C., J. A. Stanford, S. W. Running, and C. A. Frissell (2006), Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity, J. N. Am. Benthol. Soc., 25 (2), 288–303.





Sawyer, A.H., Cardenas, M.B., Buttles, J. (2011) Hyporheic exchange due to channel-spanning logs. Water Res. Resour., 47, W08502. 





Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M., and Packman, A.I. (2010), A multiscale model for integrating hyporheic exchange from ripples to meanders, Water Resour. Res., 46, W12539, doi:10.1029/2009WR008865.





3.3.1.2.  Expanding the dDiscussion of nNaturally oOccurring cChemical cConstituents, 


		Contaminants, and Contaminant Transformations





 other than nutrients (N, P) and contaminants and consideration of nutrient and contaminant transformation could be expanded. 





The SAB recommends that the discussion of naturally occurring chemical constituents (other than nutrients - i.e., N and P), contaminants, and contaminant transformations should be expanded in the Report. The SAB finds that the Rreport needs a more thorough thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. 


The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems wasis covered in the Rreport, but the Report could be strengthened if more attention were given to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants. would strengthen the report. In addition, . some additional The Report should also further discuss attention to sediment bound contaminants and their downstream movement and effects on downstream waters. should be discussed further. 





The SAB recommends that the following references (and others that are similar) be considered for inclusion in the discussion naturally occurring chemical constituents, contaminants and contaminant transformation processes: Baker et al. (2000); Bourg and Bertin (1993); Conant et al. (2004); Doyle et al. (2003); Ensign et al. (2008); Fuller and Harvey (2000); Harvey and Fuller (1998); Harvey et al. (2013); Hedin et al. (1998); Kim et al. (1992); Kim et al. (1995); Kimball et al. (1994); Lautz and Fanelli (2008); Malcolm et al. (2005); and O’Connor and Harvey (2008).





Recommendations





· The Report should be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., N, P), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes. 





· The additional references identified above, and others similar, should be considered for inclusion in the discussion naturally occurring chemical constituents, contaminants and contaminant transformation processes.





 See for example:


Baker, M. A., H. M. Valett, and C. N. Dahm (2000), Organic carbon supply and metabolism in a near-stream groundwater ecosystem, Ecology, 81, 3133-3148.





Bourg, A. C. M., and C. Bertin (1993), Biogeochemical processes during the infiltration of river water into an alluvial aquifer, Env. Sci. Technol., 27(4), 661-666.





Conant Jr., B., J. A. Cherry, and R. W. Gillham (2004), A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. J. Contam. Hydrol. 73(1-4), 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Doyle, M. W., E. H. Stanley, and J. M. Harbor (2003), Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research, 39(6), 1147.





Ensign, S. H., M. F. Piehler, M. W. Doyle (2008), Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91, 133-150.





Fuller, C.C., and Harvey, J.W. (2000), Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology, 34, 6 1150-1155.





Harvey, J.W., and C.C. Fuller (1998), Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance, Water Resources Research, 34(4):623-636.





Harvey, J. W., J. K. Böhlke, M. A. Voytek, D. Scott, and C. R. Tobias (2013), Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance, Water Resour. Res., 49, 6298-6316, doi:10.1002/wrcr.20492.





Hedin, L.O., von Fischer, J.C., Ostrom, N.E. Kennedy, B.P. Brown, M.G., Robertson, G.P. (1998) Thermodynamic constraints on nitrogen transformations and other biogeochemical  processes at soil-stream interfaces. Ecology, 79(2), 684-703.





Kim, B. K. A., A. P. Jackman, and F. J. Triska (1992), Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream, Water Resour. Res., 28 (10), 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. (1995), In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies, Environmental Science and Technology, 14 29(1), 108-116, doi:10.1021/es00001a014.





Kimball, B. A., R. E. Broshears, K. E. Bencala, and D. M. McKnight (1994). Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage. Environmental Science & Technology 28(12): 2065-2073.





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





Malcolm, A., Soulsby, C., Youngson, A.F., Hannah, D.M. (2005), Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Res. Applic., 21, 977–989.





O’Connor, B.L., and Harvey, J.W. (2008), Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research, 44, W12423, doi:10.1029/2008WR007160.





3.3.1.3.  Expanding the discussion of A more thorough treatment of Factors that 


               Influence Stream Temperature.





 is needed. 


The SAB finds that re is inadequate treatment of tthe role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow should be expanded. The Report should aAlso,  a more explicitly describe treatment of the effects of hyporheic flow and storage  and itsthe resulting lag and attenuation effects that buffer temperature extremes within streams. is needed. The latter discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of  their comparative its effects on stream temperature dynamics. In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded. Tis currently inadequate. Finally, The SAB we suggests that the report be revised to expand its an expanded discussion of how environmental alterations in channels and upslope areas influence stream temperature dynamics. The SAB further panel recommends that the report directly address the influence of stream temperature on downstream connectivity. 





The SAB recommends that the following references (and others that are similar) be considered for inclusion in the discussion naturally occurring chemical constituents, contaminants and contaminant transformation processes: Arrigoni et al. (2008); Hester, E.T et al. (2009); and Sawyer et al. (2012).





Recommendations





· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, including a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network typology; and environmental / human alterations in upslope areas and channels. 





· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.





· The additional references identified above, and others similar, should be considered for inclusion in the discussion naturally occurring chemical constituents, contaminants and contaminant transformation processes.








See for example:


Arrigoni, A. S., G. C. Poole, L. A. K. Mertes, S. J. O'Daniel, W. W. Woessner, and S. A. Thomas (2008), Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels, Water Resour. Res., 44, W09418, doi:10.1029/2007WR006480.





Hester, E.T., Doyle, M.W., Poole, G.C. (2009) The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography, 54(1), 355-4 367.





Sawyer, A. H., M. Bayani Cardenas, and J. Buttles (2012), Hyporheic temperature dynamics and heat exchange near channel-spanning logs, Water Resour. Res., 48, W01529, doi:10.1029/2011WR011200.








3.3.1.4.  Clarifying the The tTemporal dDynamics  of Flow-Related Aspects of 


	   Cconnectivity. ons were addressed in the report, but could be expanded. 





The Report does not contain a succinct yet comprehensive paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and its effects on the transport of materials and sediment and on downstream water quality. The SABpanel finds agreed that this chapter would benefit from a separate section to remedy this. Such a section should that more fully better characterize the addresses temporal dynamics of streamflow  (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity. In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. would be a welcome addition to this Chapter. For example , the panel agreed that connections that occur only during a short time of year are not necessarily unimportant. For example, tThe Rreport correctly describes how even though headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry. Further, t, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, he SAB finds that the discussion of ecological consequences of flow connections provided by headwater streams should these connections could be expanded. In the current draft, there is not a short, comprehensive, paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (connecting perennial, intermittent, and ephemeral channels with variable source areas) and its effects on material and sediment transport and effects on downstream water quality. The SAB also finds that short-term flow connections can be important. That is,  In addition, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems. inherently. 





The SAB re is also recommends that a need for more discussion and additional citations be included in the literature review on the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems. The SAB panel recommends ed that the Report be revised to t adopt a more encompassing rexplicitly recognize tion of tthe important role of variable hydraulic residence times in river networks and their effects on the storage and transformation of organic matter and nutrients in downstream waters. In addition, the Report should include the role discussion of how of human alterations affect the s in altering the temporal dimensions of connectivity (e.g., via water withdrawal or augmentation). should be considered in the report. Overall, the SAB panel recommends suggested tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





The SAB recommends that the following references (and others that are similar) be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.See for example: Boano et al. (2013); Constantz (2008); Harvey et al. (2012); and  O'Connor et al. (2012). 





Recommendations





· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and its effects on the transport of materials and sediment and on downstream water quality. The new section should note that it is the effect of flows that determines their importance to downstream connectivity.





· The Report should be revised to explicitly recognize the important role of variable hydraulic residence time in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.





· The Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation.





· The additional references identified above, and others similar, should be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.





Boano, F., R. Revelli, and L. Ridolfi (2013), Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics, Water Resour. Res., 49, 4089–4099, doi:HYPERLINK "http://dx.doi.org/10.1002/wrcr.20322" \o "Link to external resource: 10.1002/wrcr.20322"10.1002/wrcr.20322.





Constantz, J. (2008), Heat as a tracer to determine streambed water exchanges, Water Resour. Res., 44, W00D10, doi:10.1029/2008WR006996. 





Harvey, J. W., J. D. Drummond, R. L. Martin, L. E. McPhillips, A. I. Packman, D. J. Jerolmack, S. H. Stonedahl, A. Aubeneau, A. H. Sawyer, L. G. Larsen, and C. Tobias, 2012, Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed. Journal of Geophysical Research – Biogeosciences, Volume 117, G00N11, doi:10.1029/2012JG002043.





O'Connor, B. L., J. W. Harvey, and L. E. McPhillips (2012), Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resour. Res., 48, W08504, doi:10.1029/2011WR011488. 





3.3.1.5.  Strengthening Improve the Review of bBiological cConnectivity  





As previously discussed, the report should be revised to  to more thoroughly document demonstrate evidence that movements of biota move throughout the lentic system (e.g., in upstream, lateral, and in downstream waters) in order to use critical habitats  in upstream and lateral habitatand that these movements s have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen this cChapter 4 of the report. The following Kkey points should be included in the Chapter: 





· Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without them)these habitats), and many species move among these habitats during their life cycles.


· Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


· These mobile species range across many different taxa, even within fish, and include many more than those focusedidentified in the report, which are mainly salmon and other anadromous fish. Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


· W Data from comparative studies and experiments show that these animal populations decline or are extirpated entirely when these upstream, lateral, and disconnected habitats are degraded or destroyed., data from comparative studies and experiments show that these animal populations decline or are extirpated entirely,  This showsing that connectivity to these habitats is a key to the biological integrity of downstream waters.


· Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendations





· The Report should be revised, and additional references should be included, to more thoroughly document evidence that biota move throughout the lentic system (e.g., in upstream, lateral, and downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity, as detailed in the points above. 





3.3.1.6.  Review of the Human-mModified hHeadwater sStream lLiterature should be covered more extensively in the report. 





As previously mentioned, the SAB finds A number of panel members that the Report raised the issue of the lacks of  references to the literature on human-modified headwater streams. TThe incluhis sion of this literature should be included in the Report in order to would provide information about the consequences of alterations of  headwater  how altering these systemssystems to  have consequences for the water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity; the effects of such disruptions illustrate , which show the importance of headwaters to downstream areas in various landscapes. The SAB recommends that the For example, the ffollowing human alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees,  removal, ccattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations may reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human- altered or even human- created streams may provide have significant ecological functions and these can  and as a consequences can havea effects on downstream waters. In addition, A succinct a ddiscussion of the role of stream restoration and its effects on downstream waters would strengthen the rReport. 





The SAB recommends that the following references (and others that are similar) be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: Lautz et al. (2008); and O’Connor et al. (2010).





Recommendations





· The draft Report should be revised to include information about the consequences of alteration of headwater systems to water quality and biota of downstream ecosystems. These revisions should include discussion of the positive and negative effect of:   agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams.





· The additional references identified above, and others similar should be considered for inclusion in the Report in order to illustrate the effects of human alterations to headwater streamsSee for example: 





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





O’Connor, B.L., Hondzo, M., and Harvey, J.W. (2010), Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.





3.3.1.7.   Highlighting the role of headwater sStreams in aggregate (i.e., cumulative) effects on dDownstream eEcosystems 





in this chapter as well. The SAB panel recommends that a new section on the role of headwater streams in aggregate effects on downstream ecosystems be added to chapter 4 of the Report. that explicitly deals with this topic.  This new section should draw upon the There is a large  body of literature on cumulative watershed effects of land use,  based on both modeling and modeling and empirical studies. In addition, the existing Furthermore, the section on watershed modeling should section could bbe improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes). . For example, the work based on SPARROW modeling was covered in the report, but results from other modeling approaches were not. 





The SAB recommends that the following references (and others that are similar) be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream ecosystems: Alexander et al. (2009); Böhlke et al. 2009); and Helton et al. (2011). 





Recommendations





· A new section on aggregate and cumulative effects of headwater streams on downstream ecosystems should be added to Chapter 4 of the Report.





· The findings of the modeling and empirical studies on the cumulative effects land use on water quality should be summarized in the Report. 





· The modeling section of the Report should be expanded to include results from additional models. 





· The additional references identified above, and others similar, should be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity:  





See for example:


Alexander, R. B., J. K. Böhlke, E. W. Boyer, M. B. David, J. W. Harvey, P. J. Mulholland, S. P. Seitzinger, C. R. Tobias, C. Tonitto, and W. M. Wollheim (2009), Dynamic modeling of  nitrogen losses in river networks unravels the coupled effects of hydrological and  biogeochemical processes, Biogeochemistry, 93, 91-116.





Böhlke, J. K., R. C. Antweiler, J. W. Harvey, A. E. Laursen, L. K. Smith, R. L. Smith, and M. A. 3 Voytek (2009), Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA,  Biogeochemistry, 93, 117-141, doi:10.1007/s10533-008-9282-8.





Helton, A. M., Poole, G. C., Meyer, J. L., Wollheim, W. M., Peterson, B. J., Mulholland P. J.,  Bernhardt, E. S., Stanford, J. A., Arango, C., Ashkenas, L. R., Cooper, L. W., Dodds, W. K.,  Gregory, S. V., Hall, R. O., Hamilton, S. K., Johnson, S. L., McDowell, W. H., Potter, J. D.,  Tank, J. L., Thomas, S. M., Valett, H. M., Webster, J. R., and Zeglin, L. (2011). Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Front. Ecol. Environ., 9 (4), 229-238, doi:10.1890/080211.





3.3.1.8.  Expanding the discussion of The effects of the Effects of sStreamside vVegetation (i.e., riparian zones or areas) on sStream eEcosystems





 should be expanded in this report. The SAB notes that mMany  of the beneficial ecological effects of streamside vegetation of these effects are not exclusively necessarily associated with riparian wetland functions (e.g., effects of leaf letter inputs to on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others. etc.). These beneficial effects occur along the entire longitudinal profile, but are especially important to  intense in headwater streams. The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation on stream ecosystems.





Recommendations


 


· The Report should be revised, and additional references added, to expand the discussion of the effects of streamside vegetation on stream ecosystems.








3.3.1.9.  Food-web Connections from Riparian Zones to Streams that Support Aquatic Organisms





  The SAB recommends panel suggests that  adding a new section to the Report to that treats thoroughly address the importance of food-web connections from riparian zones to streams that support aquatic organisms. would strengthen the report. Although thThe Rreport focuses on strictly aquatic connections, however, organisms that define the biological integrity of downstream waters are embedded in food webs, and these food webs transcend aquatic-terrestrial boundaries. The following kKey points should be included in the new text:





· Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


· Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


· As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


· Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations 


· The SAB recommends adding a new section, with additional references, to the Report that thoroughly documents the importance of food-web connections from riparian zones to streams that support aquatic organisms; the section should discuss the points itemized above.





3.3.1.10.  Clarifying How Case Studies Were Selected  





The SABpanel recommends that text be added to the Rreport to that cclarify how ies the the case studies were selected. ion of the case studies presented. In addition, a case study that focuses on human dominated systems should be added to the Report in order to include might be a logical place to add information about the effect role of human dominated systems on for downstream waters. For example, the Rio Grande case study on arid rivers  could be expanded as it provides excellent examples of human-modified systems and its description of human effects could be expanded.





Recommendations





· The Report text should explain the rationale for selecting case studies. 





· The Report should contain a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study..





3.3.1.11.  Clarifying the Report Findings Concerning the Strength or Degree of Downstream  Connectivity. 





  The SAB recommends that panel suggested that tthe Report text be revised to clarify the finding regarding the here be additional attention to the strength or /degree of downstream connectivity. At a minimum, tThis clarification is could be  should be addressed in this chapterthe chapter 4 section on about headwater streams, but the topic shcould also be clarified addressed ththroughout the Rreport. The SABpanel finds that agreedthe Report needs a more that a focused discussion of the relative strength/degree of connectivity for intermittent ,and  ephemeral streams and their , and variable source areas. needs further discussion. A way that tThis could be achieved through a might be approached is through the discussion of the frequency, duration, and magnitude of surface and subsurface connections. Importantly it is known that It is important to note that subsurface flows connections often often persist after surface flows wane; further, these connections disappear. This subsurface flows may provide an important connectivity functions on from an ephemeral streams to downstream waters. In addition, as discussed above in point #4  as previously discussed, even ephemeral streams and short duration surface water connections in source water areas and ephemeral streams may have substantial effects on the chemistry and biology of downstream waters. 





The SAB recommends that the following reference (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity: Larsen et al. (2012).





See for example: 








Recommendations





· The SABpanel recommends that the degree/strength of downstream connections should be highlighted or discussed in each major subsection of this cChapter 4 of the report (e.g. for subsections on temperature, chemical, and biological connections, etc.). 





· The additional reference identified above (and others that are similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity. 


See for example: 





[bookmark: _GoBack]Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey, 2012, Directional Connectivity in Hydrology and Ecology, Ecological Applications, doi: 10.1890/11-1948.1.
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3.3.2.	Review of the Findings and Conclusions Concerning Ephemeral, Intermittent, and Perennial Streams











Charge Question 3(b). Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above. Please comment on whether the conclusions and findings in section 1.41 are supported by the available science. Please note alternative wordings for any conclusions and findings that are not fully supported. 





Conclusion 1 in section 1.4.1 of the Report states that: the scientific literature demonstrates that streams, individually or cumulatively, exert a strong influence on the character and functioning of downstream waters. The Report further states that: all tributary streams, including perennial, intermittent, and ephemeral streams, are physically, chemically, and biologically connected to downstream rivers via channels and associated alluvial deposits where water and other materials are concentrated, mixed, transformed, and transported. The SAB finds that the Report provides strong scientific support for these conclusions and the related findings. The SAB strongly supports the current emphasis in the Report on the importance of considering cumulative impacts and recommends only minor changes in the conclusions and findings in Section 1.4.1. . . 





The  Report should be revised so that the conclusions of in Section 1.4.1are clearly  linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment.  The SAB recommends that the conclusions emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Section 4.6 of the Report , “Synthesis and Implications,” (p.4-35) could be improved by use of bullets to highlight its main findings. This would underscore the key functions summarized in Table 4.1 which highlight five key stream functions and their effect on downstream waters:  sources, sinks, refuges, transformations, and lags. The SAB recommends adding connectivity itself as a function to Table 4.1, perhaps using biological connections as an example. In addition, the Report’s five key functions and linkages (six   if connectivity is included) should be reiterated succinctly[footnoteRef:1] and consistently across the relevant Report chapters. These are Sections 4.6,  “Streams: Synthesis and Implications” (p. 4-35);  Section 1.4.1, “Key Findings” (p.1-7), and Section 6.1 “Major Conclusions,” (p. 6-1). At present, these summaries vary in content, length, and number of literature citations and these inconsistencies obscure the Report’s conclusions.  [1:  i.e., the summary should not include reference to literature already cited in the Report.] 






Recommendations





· The conclusions in Section 1.4.1 of the Report should be clearly linked to the foundational concept that connectivity is expressed in four dimensions (i.e., three dimensional space, plus time) within the context of a catchment. 





· The conclusions in Section 1.4.1should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.





·  Bullet points should be used to highlight main findings in the text on “Synthesis and Implications.” 





· “Connectivity” should be added as a function to Table 4.1 using biological connections as an example. 





· The Report’s key functions and linkages should be succinctly and consistently summarized across all the relevant Report chapters. 





3.3.2.1.  Recommendations to Strengthen the Findings and Conclusions Concerning 


	  Ephemeral, Intermittent, and Perennial Streams





The SAB recommends that the Report be revised to strengthen the findings and conclusions concerning ephemeral, intermittent, and perennial Streams by addressing the issues discussed below.





 Connectivity, Boundaries and Linkages





The SAB recommends that statements in the Report that unequivocally support conclusions  about the connectivity of streams should instead be stated in quantitative terms wherever possible. For example: “of X studies, X% support the conclusion of connectivity.” 





The SAB also recommends that the text of the Report be revised to describe system boundaries, e.g., transitions between uplands and headwaters and better definition of the boundaries of a stream. The report should also better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





The SAB finds that connectivity linkages that occur during flooding are not well-represented in conclusions. In addition, the SAB recommends that text be added to the Report  to explain how hydrologic connectivity sustains aquifers. Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples. 





Ephemeral Streams





The Report concludes that existing evidence supports a sufficient link between ephemeral streams and downstream systems. The SAB finds that these conclusion could be strengthened in three ways: 1) by adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters, 2) by summarizing existing evidence of the frequency of these connections, and 3) by identifying where further research needed. For example, the Report currently emphasizes the important role of variable source areas (e.g., swales) to downstream connectivity; this role should be reiterated in the conclusions.   In addition, the conclusions should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connect them structurally and functionally to downstream waters, whether or not water the upstream channels are perennial. . Finally, the SAB recommends that the conclusions concerning ephemeral streams be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





 Chemical Connectivity and Nutrients





The SAB finds that the summary of chemical functions that has been included in the Report could be strengthened by  adding details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the text now focuses primarily on nitrogen, with detailed examples provided only for nitrate. 





The SAB also finds that the Chapter 4 of the Report is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in the discussion on the importance of nutrient spiraling, because both processes are important (e.g., the text should explain the role of denitrification processes in removing nutrients from streams).





Treatment of Uncertainty


 


The SAB recommends that the authors consider summarizing and displaying the report’s conclusions in matrix form. A well designed matrix could have several advantages. It would better communicate the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams, wetlands). The SAB also recommends including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities and effects.  Use of graphical methods to convey the level of confidence in the Report’s conclusions (e.g., similar to Intergovernmental Program on Climate Change Ireports) would 





also help to better communicate findings. For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn at for an individual site at a local scale, could have lower certainty. 





Case Studies and Context


 


The SAB finds that it is difficult to understand how the Report’s case studies are intended to serve the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes.  


For example, in the case study on prairie streams, the key point was how human alterations affect connectivity. 


 The SAB also finds that some case study conclusions appear to be overreaching (e.g., the arid streams example) and are not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, New Mexico). Thus, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 





The SAB recommends an alternative framework for the case studies, in which hydrology is a unifying theme. For example, stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which vary regionally. For the summary conclusions, the SAB recommends that the authors consider distinguishing flow-, geology- and weather-dependent conclusions from broader general conclusions.  The SAB finds that the case studies conclusions could be improved by being explicit about  how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies). The SAB notes that each case study has its own unique bulleted list of conclusions, which makes it difficult to draw conclusions across the case studies or to relate individual case studies to the Report’s general conclusions. 





 Consistent Statement of Conclusions Throughout the Text


 


The SAB also notes that it is essential that the Report’s descriptions of functions and linkages be consistently and succinctly stated in Section 4.6. “Streams:  Synthesis and Implications,” (pages 4-35 and 4-36) and Section 1.4.





Recommendations





· Statements in the Report that unequivocally support conclusions about connectivity of streams should instead be stated in quantitative terms wherever possible. 





· The text of the Report should be revised to describe system boundaries, e.g., transitions between uplands and headwaters and better definition of the boundaries of a stream. 





· The report should also better define and emphasize key linkages and exchanges that affect connectivity (such as groundwater-surface water interactions, flooding or other episodic events, and the influence of riparian zones) and how these linkages influence biota and food webs and vice versa. The conclusions in the Report should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems. 





· Text should be added to the Report to explain how hydrologic connectivity sustains aquifers Alluvial systems in the southwest and karst systems in the eastern U.S. should be used as examples.





· The SAB recommends that the conclusions concerning ephemeral streams be strengthened by: adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters, summarizing existing evidence of the frequency of these connections, identifying where further research needed, and clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





· The summary of chemical functions that has been included in the Report should be strengthened by including details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants.





· The SAB recommends that the EPA consider summarizing and displaying the Report’s conclusions in matrix form and including brief characterizations of the temporal or spatial scales over which given functions or phenomena occur, and their sizes, intensities and effects.





· The SAB recommends that the Report be revised to clarify the intended use of the case studies. An alternative framework for the case studies could be used, in which hydrology is a unifying theme. In the case studies the EPA could also consider distinguishing flow, geology- and weather-dependent conclusions from broader general conclusions.





· Descriptions of functions and linkages should be consistently and succinctly stated in Section 4.6 (pages 4-35 and 4-36) of the Report “Streams:  Synthesis and Implications” and Section 1.4.
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From: Armitage, Thomas
To: Rains, Mark
Subject: Thanks for sending your response to charge question #2
Date: Monday, February 03, 2014 9:19:00 AM


Mark,


Thanks for sending your subgroup's response to charge question #2.


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Friday, January 31, 2014 11:31 PM
To: Armitage, Thomas
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Attached.


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Wednesday, January 29, 2014 5:19 PM
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; fennessym@kenyon.edu; sullivan.191@osu.edu;
 rosimarshalle@caryinstitute.org; tank.1@nd.edu; Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Dear SAB Connectivity Panel Lead Writers,


Thank you for your work to develop the written responses for your assigned charge questions.  This is a reminder
 that Iris and I would like to receive your write-ups by Friday, January 31st.  We will work with Dr. Rodewald to
 incorporate the charge question responses into an integrated draft report that will be sent to the entire Panel for
 review and discussion on a teleconference.


Regards,


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004








From: Kenneth Kolm
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas
Subject: RE: Additional Revisions to Charge Question 2
Date: Friday, January 31, 2014 3:39:23 PM
Attachments: EPA SAB Connectivity Charge Question 2 (3).docx


USGS Groundwater resources_external.pdf
Winters et al circ1139.pdf


Hi Mark,


I agree with Judith Meyer -- a thorough review showing great work by this subgroup, with thoughts incorporated by
 the entire Panel and outside comments, as well!  I have added some final suggestions, and included two USGS
 Resources that will really help those using the document.  The USGS Groundwater resources pdf has all the classic
 pubs for groundwater, and there are many block diagrams in these pubs that can be useful for
 modifying/contributing to  the current 3-block diagrams that we are proposing.  The Winters et al (1998) helps to
 summarize much of what we knew by 1998, and most of the block diagrams are relevant today.


I look forward to seeing all the subgroups responses!


Best Regards,


Ken


Kenneth E. Kolm
Associate Professor Emeritus
Colorado School of Mines


and


Hydrologic Systems Analysis, LLC
Hydrologic and Environmental Systems


Kenneth E. Kolm, Ph.D.
President and Senior Hydrogeologist
Hydrologic and Environmental Systems Specialist
128 Burgess Ave.
Golden, CO  80401  USA
Telephone:  303 842 3752
Email:   and kkolm@mines.edu  .
!


________________________________________
From: Kenneth Kolm
Sent: Tuesday, January 07, 2014 1:17 PM
To: Rains, Mark; Latif Kalin; Judy Meyer (judymeye@gmail.com)
Cc: Amanda Rodewald (adr79@cornell.edu); Armitage, Thomas (Armitage.Thomas@epa.gov)
Subject: RE: Rough Draft


Hi Mark,


Fantastic summary!


Here are some suggestions with details to follow later.


(b) (6)
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Charge Question 2:  Rains, Kalin, Kolm, and Meyer


General Impressions and Summary of comments


Since this is the section that EPA will focus on primarily (the abstract, so to speak), recommend adding two bullets below after the bullet on “The conceptual framework needs to be revised……”: 


· The conceptual framework needs to be revised………..


· The approach and development of Conceptual Models for wetlands and watersheds connectivity that includes geology, geochemistry, geomorphology, hydrogeology, hydrochemistry, and groundwater systems with surface water and biological systems needs to be discussed. Classification systems like riverine and upland/slope are general, convenient, and useful, but since the connectivity concept is a continuum over 3-D spatial and multi-temporal over a multi-scale landscape, hence 4-D, the approach and development of a conceptual model for each system being analyzed is imperative before the connectivity is classified.


· The Conceptual Model of a system should start with the structure of the system, including the 3-Dimensional layers of climate, topography, vegetation, surface water, soils and geomorphologic deposits, and geology, and should include the next phase of analysis of hydrogeomorphology and hydrogeology.  The resulting 3-D structure will show potential surface, near surface, and subsurface pathways, which then are analyzed for flow paths and connectivity in 4-D (temporal included). 


· Once you have described your flowpath framework and explained how the flowpath framework is used in this report, then you should start layering on the complexity.  Of particular importance are the following:


· Begin………


The block diagrams should be modified to expand upon the flowpath framework to include distinct bedrock and geomorphologic hydrogeology and groundwater systems and connections along with surface water and climatic systems.  The bedrock hydrogeology and hydrologic systems are responsible for much of the long-term sustainability and connectivity of both watershed and groundwater basin systems at all temporal and spatial scales.  The bedrock systems are interconnected to, but distinctly different hydrologically and chemically from, the  shallow hydrogeomorphologic groundwater systems (for example, soils, mass wasting, alluvial, glacial, eolian deposits and corresponding hydrology) and  the surface water systems (for example, streams, wetlands, lakes).  Since the recommended 3 block diagrams by necessity are the focus of our visual attention, and the block diagrams will be the up-front visualization for the rest of the report, the bedrock systems should be identified up front with all the other systems for connectivity consideration. (See USGS comment below).   


Revised Conceptual Framework 


Clearly Define Connectivity


Clearly Define the Scope of the Report


Use a Flowpath Framework


Add the following paragraph:


The USGS has provided many documents and teaching aids for understanding groundwater systems and their connectivity, including conceptual model development.  The following documents are suggested for review, and many of the block diagrams in the documents may be useful for modifying the recommended 3 block diagrams in the Conceptual Model Section to include the bedrock aquifer system underlying the hydrogeomorphological systems that are frequently characterized in wetlands and stream studies. Basic Groundwater Hydrology and Regional Groundwater Systems with terrific block diagrams are presented in Heath’s (1983. 1984) USGS Water Supply Papers 2220 and 2242.  The USGS has provided a great bibliography in USGS Training Resources for Groundwater Hydrology. Other block diagrams showing connectivity are presented in Winters, et al  (1998 ) “Groundwater and Surface Water A Single Resource” in USGS Circular 39.  


I have attached the bibliography and Winters et al (1998).
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USGS Training Resources for Ground-Water Hydrology 
 
Resources listed include reports, videotapes, and self-study manuals. 
 
 
I. General 
 
1. Heath, R.C., 1983, Basic ground-water hydrology: U.S. Geological Survey Water-
Supply Paper 2220, 84 p. (available on the Internet at 
http://pubs.usgs.gov/wsp/wsp2220/) 
 
2. Franke, O.L., Reilly, T.E., Haefner, R.J., and Simmons, D.L., 1990, Study guide for a 
beginning course in ground-water hydrology: part 1-- course participants: U.S. 
Geological Survey Open-File Report 90-183, 184 p. (available on the Internet at 
http://pubs.usgs.gov/of/ofr90-183/) 
 
3. Franke, O.L., Reilly, T.E., Buxton, H.T., and Simmons, D.L., 1993, Study guide for a 
beginning course in ground-water hydrology: part 2-- instructor’s guide: U.S. Geological 
Survey Open-File Report 92-637, 128 p. (available on the Internet at 
http://pubs.usgs.gov/of/ofr_92-637/) 
 
 
II. Ground-Water Hydraulics 
 
1. Bennett, G.D., 1976, Introduction to ground-water hydraulics — A programmed text 
for self-instruction: Techniques of Water-Resources Investigations of the United States 
Geological Survey, Book 3, Chapter B2, 172 p. (available on the Internet at 
http://pubs.usgs.gov/twri/twri3-b2/) 
 
2. Franke, O.L., Reilly, T.E., and Bennett, G.D., 1987, Definition of boundary and initial 
conditions in the analysis of saturated ground-water flow systems--An introduction: U.S. 
Geological Survey Techniques of Water-Resources Investigations 3-B5, 15 p. (available 
on the Internet at http://pubs.usgs.gov/twri/twri3-b5/) 
 
 
III. Aquifer Tests and Radial-Flow Simulation 
 
1. Videotapes by USGS on “Determining Aquifer Properties” 
 #1. Burns, A.W., 1997, Aquifer Test Design, 15 min. 
 #2. Weeks, E.P., 1997, The Theis Equation, 39 min. 
 #3. Weeks, E.P., 1997, Theis Recovery Methods, 22 min. 
 #4. McLean, J.S., 1997, Aquifer Boundaries and the Theory of Images, 34 min. 
 #5. Riley, F.S., 1997, Leaky Aquifer Methods, part 1 - 46 min., part 2 - 38 min. 
 #6. Moench, A.F., 1997, Unconfined Methods, 48 min. 
 #7. Belitz, K.R., 1997, Slug Tests, 35 min. 





http://pubs.usgs.gov/wsp/wsp2220/
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Copies are available for purchase from the National Ground Water Association 
(www.ngwa.org). 
 
2. Barlow, P.M., and Moench, A.F., 1999, WTAQ—A computer program for calculating 
drawdowns and estimating hydraulic properties for confined and water-table aquifers: 
U.S. Geological Survey Water-Resources Investigations Report 99-4225, 74 p. (available 
on the Internet at http://ma.water.usgs.gov/publications/WRIR_99-4225/index.htm) 
 
3. Bennett, G.D., Reilly, T.E., and Hill, M.C., 1990, Technical training note in ground-
water hydrology: Radial flow to a well: U.S. Geological Survey Water-Resources 
Investigations Report 89-4134, 83 p. (available on the Internet at 
http://pubs.er.usgs.gov/pubs/wri/wri894134) 
 
4. Bentall, Ray (compiler), 1963, Methods of determining permeability, transmissibility 
and drawdown: U. S. Geological Survey Water-Supply Paper 1536-I, p. 243-341. 
(available on the Internet at http://pubs.er.usgs.gov/pubs/wsp/wsp1536I) 
 
5. Ferris, J.G., Knowles, D.B., Brown, R.H., and Stallman, R.W., 1962, Theory of aquifer 
tests: U. S. Geological Survey Water-Supply Paper 1536-E, 174 p. (available on the 
Internet at http://pubs.usgs.gov/wsp/wsp1536-E/) 
 
6. Lohman, S.W., 1972, Ground-Water Hydraulics: U. S. Geological Survey Professional 
Paper 708, 70 p. 
 
 
IV. Ground-Water Flow Simulation 
 
1. Franke, O.L., Bennett, G.D., Reilly, T.E., Laney, R.L., Buxton, H.T., and Sun, R.J., 
1991, Concepts and modeling in ground-water hydrology -- A self-paced training course: 
U.S. Geological Survey Open-File Report 90-707, 416 p. (available on the Internet at 
http://pubs.er.usgs.gov/pubs/ofr/ofr90707) 
(A little outdated because of the units used and the references provided, but still a useful 
training document.) 
 
2. Hsieh, P.A., 2001, TOPODRIVE and PARTICLEFLOW—Two computer models for 
simulation and visualization of ground-water flow and transport of fluid particles in two 
dimensions: U.S. Geological Survey Open-File Report 01-286, 30 p. (available on the 
Internet at http://water.usgs.gov/nrp/gwsoftware/tdpf/tdpf.html) 
(These programs are not intended to be comprehensive modeling tools, but are designed 
for modeling at the exploratory or conceptual level, for visual demonstration, and for 
educational purposes.) 
 
3. Reilly, T.E., 2001, System and boundary conceptualization in ground-water flow 
simulation: U.S. Geological Survey Techniques of Water-Resources Investigations, Book 
3, Chapter B8, 26 p. (available on the Internet at http://pubs.usgs.gov/twri/twri-3_B8/) 
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http://pubs.er.usgs.gov/pubs/wri/wri894134
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http://water.usgs.gov/nrp/gwsoftware/tdpf/tdpf.html
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V. Data Collection 
 
1. Koterba, M.T., 1998, Ground-Water data-collection protocols and procedures for the 
National Water-Quality Assessment Program: Collection, documentation, and 
compilation of required site, well, subsurface, and landscape data for wells: U.S. 
Geological Survey Water-Resources Investigations Report 98-4107, 91 p.  
 
2. Lapham, W.W., Wilde, F.D., and Koterba, M.T., 1997, Guidelines and standard 
procedures for studies of ground-water quality: Selection and installation of wells, and 
supporting documentation: U.S. Geological Survey Water-Resources Investigations 
Report 96-4233, 110 p. (available on the Internet at 
http://water.usgs.gov/owq/pubs/wri/wri964233/) 
 
3. National Field Manual for the Collection of Water-Quality Data: Techniques of Water-
Resources Investigations of the United States Geological Survey, Book 9 (available on 
the Internet at http://water.usgs.gov/owq/FieldManual/) 
 
4. Shuter, Eugene, and Teasdale, W.E., 1989, Application of drilling, coring, and 
sampling techniques to test holes and wells: Techniques of Water-Resources 
Investigations of the United States Geological Survey, Book 2, Chapter F1, 97 p. 
(available on the Internet at http://pubs.usgs.gov/twri/twri2-f1/) 
 
 
VI. Geophysical methods 
 
Online training in selected geophysical methods is available at the Geophysical 



Technology Transfer (G2T) web site at http://water.usgs.gov/ogw/bgas/g2t.html
 
Online modules are available on the Geophysical Technology Transfer (G2T) web site 



for: 
 1. Borehole imaging 
 2. Vertical-Radar profiling (VRP) 
 3. 2D-Resistivity 
 4. Electromagnetic Induction 
 5. Continuous Seismic-reflection profiling 
 6. Continuous-Resistivity Profiling 
 
 
VII. Some classic USGS publications on selected topics that may be dated but are 



excellent foundational documents. 
 
Brown, R.H., 1963, The cone of depression and the area of diversion around a 



discharging well in an infinite strip aquifer subject to uniform recharge: in Shortcuts 
and special problems in aquifer tests, Ray Bentall (compiler): U.S. Geological Survey 
Water-Supply Paper 1545-C, p. C69-C85.  





http://water.usgs.gov/owq/pubs/wri/wri964233/


http://water.usgs.gov/owq/FieldManual/


http://pubs.usgs.gov/twri/twri2-f1/
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Cooper, H.H., Kohout, F.A., Henry, H.R., and Glover, R.E., 1964, Sea water in coastal 
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FOREWORD



Robert M. Hirsch
Chief Hydrologist



 raditionally, management of water resources has focused on surface water or ground water as if they were 
separate entities. As development of land and water resources increases, it is apparent that development of either of 
these resources affects the quantity and quality of the other. Nearly all surface-water features (streams, lakes, reser-
voirs, wetlands, and estuaries) interact with ground water. These interactions take many forms. In many situations, 
surface-water bodies gain water and solutes from ground-water systems and in others the surface-water body is a 
source of ground-water recharge and causes changes in ground-water quality. As a result, withdrawal of water from 
streams can deplete ground water or conversely, pumpage of ground water can deplete water in streams, lakes, or 
wetlands. Pollution of surface water can cause degradation of ground-water quality and conversely pollution 
of ground water can degrade surface water. Thus, effective land and water management requires a 
clear understanding of the linkages between ground water and surface water as it applies to any given hydrologic 
setting.



This Circular presents an overview of current understanding of the interaction of ground water and surface 
water, in terms of both quantity and quality, as applied to a variety of landscapes across the Nation. This Circular is a 
product of the Ground-Water Resources Program of the U.S. Geological Survey. It serves as a general educational 
document rather than a report of new scientific findings. Its intent is to help other Federal, State, and local agencies 
build a firm scientific foundation for policies governing the management and protection of aquifers and watersheds. 
Effective policies and management practices must be built on a foundation that recognizes that surface water and 
ground water are simply two manifestations of a single integrated resource. It is our hope that this Circular will 
contribute to the use of such effective policies and management practices.



T



(Signed)











IV



CONTENTS



Preface     VI
Introduction     1
Natural processes of ground-water and surface-water interaction     2



The hydrologic cycle and interactions of ground water and surface water     2
Interaction of ground water and streams     9
Interaction of ground water and lakes     18
Interaction of ground water and wetlands     19



Chemical interactions of ground water and surface water     22
Evolution of water chemistry in drainage basins     22
Chemical interactions of ground water and surface water in streams, lakes, and wetlands     23



Interaction of ground water and surface water in different landscapes     33
Mountainous terrain     33
Riverine terrain     38
Coastal terrain     42
Glacial and dune terrain     46
Karst terrain     50



Effects of human activities on the interaction of ground water and surface water     54
Agricultural development     54



Irrigation systems     57
Use of agricultural chemicals     61



Urban and industrial development     66
Drainage of the land surface     67
Modifications to river valleys     68



Construction of levees     68
Construction of reservoirs     68
Removal of natural vegetation     69



Modifications to the atmosphere     72
Atmospheric deposition     72
Global warming     72



Challenges and opportunities     76
Water supply     76
Water quality     77
Characteristics of aquatic environments     78



Acknowledgments     79











V



BOXES



Box A -- Concepts of ground water, water table, and flow systems     6



Box B -- The ground-water component of streamflow     12



Box C -- The effect of ground-water withdrawals on surface water     14



Box D -- Some common types of biogeochemical reactions affecting transport of chemicals in 
ground water and surface water     24



Box E -- Evolution of ground-water chemistry from recharge to discharge areas in the Atlantic 
Coastal Plain     26



Box F -- The interface between ground water and surface water as an environmental entity     28



Box G-- Use of environmental tracers to determine the interaction of ground water and 
surface water 30



Box H -- Field studies of mountainous terrain     36



Box I -- Field studies of riverine terrain     40



Box J -- Field studies of coastal terrain     44



Box K -- Field studies of glacial and dune terrain     48



Box L -- Field studies of karst terrain     52



Box M-- Point and nonpoint sources of contaminants     56



Box N -- Effects of irrigation development on the interaction of ground water and surface water     58



Box O-- Effects of nitrogen use on the quality of ground water and surface water     62



Box P -- Effects of pesticide application to agricultural lands on the quality of ground water and 
surface water     64



Box Q-- Effects of surface-water reservoirs on the interaction of ground water and surface water     70



Box R -- Effects of the removal of flood-plain vegetation on the interaction of ground water and 
surface water     71



Box S -- Effects of atmospheric deposition on the quality of ground water and surface water     74











VI



PREFACE
• Understanding the interaction of ground water 



and surface water is essential to water managers 
and water scientists. Management of one 
component of the hydrologic system, such as a 
stream or an aquifer, commonly is only partly 
effective because each hydrologic component is 
in continuing interaction with other compo-
nents. The following are a few examples of 
common water-resource issues where under-
standing the interconnections of ground water 
and surface water is fundamental to develop-
ment of effective water-resource management 
and policy.



WATER SUPPLY



• It has become difficult in recent years to 
construct reservoirs for surface storage of water 
because of environmental concerns and because 
of the difficulty in locating suitable sites. An 
alternative, which can reduce or eliminate the 
necessity for surface storage, is to use an 
aquifer system for temporary storage of water. 
For example, water stored underground during 
times of high streamflow can be withdrawn 
during times of low streamflow. The character-
istics and extent of the interactions of ground 
water and surface water affect the success of 
such conjunctive-use projects.



• Methods of accounting for water rights of 
streams invariably account for surface-water 
diversions and surface-water return flows.  
Increasingly, the diversions from a stream 
that result from ground-water withdrawals are 
considered in accounting for water rights as are 
ground-water return flows from irrigation and 
other applications of water to the land surface. 
Accounting for these ground-water components 
can be difficult and controversial. Another form 
of water-rights accounting involves the trading 
of ground-water rights and surface-water rights. 
This has been proposed as a water-management 
tool where the rights to the total water resource 
can be shared. It is an example of the growing 



realization that ground water and surface water 
are essentially one resource.



• In some regions, the water released from reser-
voirs decreases in volume, or is delayed signifi-
cantly, as it moves downstream because some 
of the released water seeps into the stream-
banks. These losses of water and delays 
in traveltime can be significant, depending 
on antecedent ground-water and streamflow 
conditions as well as on other factors such as 
the condition of the channel and the presence of 
aquatic and riparian vegetation.



• Storage of water in streambanks, on flood 
plains, and in wetlands along streams reduces 
flooding downstream. Modifications of the 
natural interaction between ground water and 
surface water along streams, such as drainage 
of wetlands and construction of levees, can 
remove some of this natural attenuation of 
floods. Unfortunately, present knowledge is 
limited with respect to the effects of land-
surface modifications in river valleys on floods 
and on the natural interaction of ground water 
and surface water in reducing potential 
flooding.



WATER QUALITY



• Much of the ground-water contamination in the 
United States is in shallow aquifers that 
are directly connected to surface water. In some 
settings where this is the case, ground water can 
be a major and potentially long-term contrib-
utor to contamination of surface water. Deter-
mining the contributions of ground water to 
contamination of streams and lakes is a critical 
step in developing effective water-management 
practices.



• A focus on watershed planning and manage-
ment is increasing among government agencies 
responsible for managing water quality as well 
as broader aspects of the environment. The 
watershed approach recognizes that water, 
starting with precipitation, usually moves 
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through the subsurface before entering stream 
channels and flowing out of the watershed. 
Integrating ground water into this “systems” 
approach is essential, but challenging, because 
of limitations in knowledge of the interactions 
of ground water and surface water. These diffi-
culties are further complicated by the fact that  
surface-water watersheds and ground-water 
watersheds may not coincide.



• To meet water-quality standards and criteria, 
States and local agencies need to determine the 
amount of contaminant movement (wasteload) 
to surface waters so they can issue permits and 
control discharges of waste. Typically, ground-
water inputs are not included in estimates of 
wasteload; yet, in some cases, water-quality 
standards and criteria cannot be met without 
reducing contaminant loads from ground-water 
discharges to streams.



• It is generally assumed that ground water is safe 
for consumption without treatment.  Concerns 
about the quality of ground water from wells 
near streams, where contaminated surface water 
might be part of the source of water to the well, 
have led to increasing interest in identifying 
when filtration or treatment of ground water is 
needed.



• Wetlands, marshes, and wooded areas along 
streams (riparian zones) are protected in some 
areas to help maintain wildlife habitat and 
the quality of nearby surface water. Greater 
knowledge of the water-quality functions 
of riparian zones and of the pathways of 
exchange between shallow ground water and 
surface-water bodies is necessary to properly 
evaluate the effects of riparian zones on water 
quality.



CHARACTERISTICS OF 
AQUATIC ENVIRONMENTS



• Mixing of ground water with surface water can 
have major effects on aquatic environments 



if factors such as acidity, temperature, and 
dissolved oxygen are altered. Thus, changes in 
the natural interaction of ground water and 
surface water caused by human activities can 
potentially have a significant effect on aquatic 
environments.



• The flow between surface water and ground 
water creates a dynamic habitat for aquatic 
fauna near the interface. These organisms 
are part of a food chain that sustains a 
diverse ecological community. Studies 
indicate that these organisms may provide 
important indications of water quality as well as 
of adverse changes in aquatic environments.



• Many wetlands are dependent on a relatively 
stable influx of ground water throughout 
changing seasonal and annual weather patterns. 
Wetlands can be highly sensitive to the effects 
of ground-water development and to land-use 
changes that modify the ground-water flow 
regime of a wetland area. Understanding 
wetlands in the context of their associated 
ground-water flow systems is essential to 
assessing the cumulative effects of wetlands on 
water quality, ground-water flow, and stream-
flow in large areas.



• The success of efforts to construct new 
wetlands that replicate those that have been 
destroyed depends on the extent to which the 
replacement wetland is hydrologically similar 
to the destroyed wetland. For example, the 
replacement of a wetland that is dependent on 
ground water for its water and chemical input 
needs to be located in a similar ground-water 
discharge area if the new wetland is to replicate 
the original. Although a replacement wetland 
may have a water depth similar to the original, 
the communities that populate the replacement 
wetland may be completely different from 
communities that were present in the original 
wetland because of differences in hydrogeo-
logic setting.
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Ground Water and Surface Water
A Single Resource



by T.C. Winter
J.W. Harvey
O.L. Franke
W.M. Alley



INTRODUCTION
As the Nation’s concerns over water 



resources and the environment increase, the impor-
tance of considering ground water and surface 
water as a single resource has become increasingly 
evident. Issues related to water supply, water 
quality, and degradation of aquatic environments 
are reported on frequently. The interaction of 
ground water and surface water has been shown to 
be a significant concern in many of these issues. 
For example, contaminated aquifers that discharge 
to streams can result in long-term contamination of 
surface water; conversely, streams can be a major 



source of contamination to aquifers. Surface water 
commonly is hydraulically connected to ground 
water, but the interactions are difficult to observe 
and measure and commonly have been ignored in 
water-management considerations and policies. 
Many natural processes and human activities affect 
the interactions of ground water and surface water. 
The purpose of this report is to present our current 
understanding of these processes and activities as 
well as limitations in our knowledge and ability to 
characterize them.



“Surface water commonly is 
hydraulically connected to ground 



water, but the interactions are 
difficult to observe and measure”
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NATURAL PROCESSES OF GROUND-WATER 
AND SURFACE-WATER INTERACTION



The Hydrologic Cycle and Interactions 
of Ground Water and Surface Water



The hydrologic cycle describes the contin-
uous movement of water above, on, and below the 
surface of the Earth. The water on the Earth’s 
surface—surface water—occurs as streams, lakes, 
and wetlands, as well as bays and oceans. Surface 
water also includes the solid forms of water— 
snow and ice. The water below the surface of the 
Earth primarily is ground water, but it also includes 
soil water.



The hydrologic cycle commonly is portrayed 
by a very simplified diagram that shows only major 
transfers of water between continents and oceans, 
as in Figure 1. However, for understanding hydro-
logic processes and managing water resources, the 
hydrologic cycle needs to be viewed at a wide 
range of scales and as having a great deal of vari-



ability in time and space. Precipitation, which is 
the source of virtually all freshwater in the hydro-
logic cycle, falls nearly everywhere, but its distri-
bution is highly variable. Similarly, evaporation 
and transpiration return water to the atmosphere 
nearly everywhere, but evaporation and transpira-
tion rates vary considerably according to climatic 
conditions. As a result, much of the precipitation 
never reaches the oceans as surface and subsurface 
runoff before the water is returned to the atmo-
sphere. The relative magnitudes of the individual 
components of the hydrologic cycle, such as 
evapotranspiration, may differ significantly even at 
small scales, as between an agricultural field and a 
nearby woodland.



Figure 1.  Ground water is the second 
smallest of the four main pools of 
water on Earth, and river flow to the 
oceans is one of the smallest fluxes, 
yet ground water and surface water 
are the components of the hydrologic 
system that humans use most. (Modi-
fied from Schelesinger, W.H., 1991, 
Biogeochemistry–An analysis of 
global change: Academic Press, San 
Diego, California.) (Used with 
permission.)
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To present the concepts and many facets of 
the interaction of ground water and surface water 
in a unified way, a conceptual landscape is used 
(Figure 2). The conceptual landscape shows in a 
very general and simplified way the interaction of 
ground water with all types of surface water, such 
as streams, lakes, and wetlands, in many different 
terrains from the mountains to the oceans. The  
intent of Figure 2 is to emphasize that ground water 
and surface water interact at many places 
throughout the landscape.



Movement of water in the atmosphere 
and on the land surface is relatively easy to visu-
alize, but the movement of ground water is not.  
Concepts related to ground water and the move-
ment of ground water are introduced in Box A. 
As illustrated in Figure 3, ground water moves 
along flow paths of varying lengths from areas 
of recharge to areas of discharge. The generalized 
flow paths in Figure 3 start at the water table, 
continue through the ground-water system, and 
terminate at the stream or at the pumped well. The 
source of water to the water table (ground-water 
recharge) is infiltration of precipitation through the 
unsaturated zone. In the uppermost, unconfined 
aquifer, flow paths near the stream can be tens to 
hundreds of feet in length and have corresponding 
traveltimes of days to a few years. The longest and 
deepest flow paths in Figure 3 may be thousands of 
feet to tens of miles in length, and traveltimes may 
range from decades to millennia. In general, 
shallow ground water is more susceptible to 
contamination from human sources and activities 
because of its close proximity to the land surface. 
Therefore, shallow, local patterns of ground-water 
flow near surface water are emphasized in this 
Circular.



“Ground water moves along 
flow paths of varying lengths in 
transmitting water from areas 



of recharge to areas of discharge”
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Figure 2.  Ground water and surface water interact 
throughout all landscapes from the mountains to the 
oceans, as depicted in this diagram of a conceptual 
landscape. M, mountainous; K, karst; G, glacial; 
R, riverine (small); V, riverine (large); C, coastal.
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Small-scale geologic features in beds of 
surface-water bodies affect seepage patterns at 
scales too small to be shown in Figure 3. For 
example, the size, shape, and orientation of the 
sediment grains in surface-water beds affect 
seepage patterns. If a surface-water bed consists 
of one sediment type, such as sand, inflow seepage 
is greatest at the shoreline, and it decreases 
in a nonlinear pattern away from the shoreline 
(Figure 4). Geologic units having different perme-
abilities also affect seepage distribution in surface-
water beds. For example, a highly permeable sand 
layer within a surface-water bed consisting largely 
of silt will transmit water preferentially into the 
surface water as a spring (Figure 5).



Land surface



Surface waterWater table



Ground-water flow path



Figure 4.  Ground-water seepage into surface water 
usually is greatest near shore. In flow diagrams such 
as that shown here, the quantity of discharge is equal 
between any two flow lines; therefore, the closer flow 
lines indicate greater discharge per unit of bottom 
area.
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Figure 3.  Ground-water flow paths 
vary greatly in length, depth, and 
traveltime from points of recharge 
to points of discharge in the ground-
water system.



Figure 5.  Subaqueous springs can result from preferred 
paths of ground-water flow through highly permeable 
sediments.
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A
Concepts of Ground Water, Water Table, 



and Flow Systems



In contrast to the unsaturated zone, the voids in the 
saturated zone are completely filled with water. Water in the 
saturated zone is referred to as ground water. The upper 
surface of the saturated zone is referred to as the water table. 
Below the water table, the water pressure is great enough to 
allow water to enter wells, thus permitting ground water to be 
withdrawn for use. A well is constructed by inserting a pipe 
into a drilled hole; a screen is attached, generally at its base, 
to prevent earth materials from entering the pipe along with 
the water pumped through the screen.



The depth to the water table is highly variable and can 
range from zero, when it is at land surface, to hundreds or 
even thousands of feet in some types of landscapes. Usually, 
the depth to the water table is small near permanent bodies 
of surface water such as streams, lakes, and wetlands. An 
important characteristic of the water table is that its configura-
tion varies seasonally and from year to year because ground-
water recharge, which is the accretion of water to the upper 
surface of the saturated zone, is related to the wide variation 
in the quantity, distribution, and timing of precipitation.



SUBSURFACE WATER



Water beneath the land surface occurs in two 
principal zones, the unsaturated zone and the saturated zone 
(Figure A–1). In the unsaturated zone, the voids—that is, the 
spaces between grains of gravel, sand, silt, clay, and cracks 
within rocks—contain both air and water. Although a consider-
able amount of water can be present in the unsaturated zone, 
this water cannot be pumped by wells because it is held too 
tightly by capillary forces. The upper part of the unsaturated 
zone is the soil-water zone. The soil zone is crisscrossed 
by roots, voids left by decayed roots, and animal and worm 
burrows, which enhance the infiltration of precipitation into 
the soil zone. Soil water is used by plants in life functions 
and transpiration, but it also can evaporate directly to the 
atmosphere.



THE WATER TABLE



The depth to the water table can be determined by 
installing wells that penetrate the top of the saturated zone just 
far enough to hold standing water. Preparation of a water-table 
map requires that only wells that have their well screens 
placed near the water table be used. If the depth to water is 
measured at a number of such wells throughout an area of 
study, and if those water levels are referenced to a common 
datum such as sea level, the data can be contoured to indi-
cate the configuration of the water table (Figure A–2).



Figure A–1.  The water table is the upper surface of the satu-
rated zone. The water table meets surface-water bodies at 
or near the shoreline of surface water if the surface-water 
body is connected to the ground-water system.



Figure A–2.  Using known altitudes of the water table at indi-
vidual wells (A), contour maps of the water-table surface can be 
drawn (B), and directions of ground-water flow along the water 
table can be determined (C) because flow usually is approxi-
mately perpendicular to the contours.



In addition to various practical uses of a water-table map, such 
as estimating an approximate depth for a proposed well, the 
configuration of the water table provides an indication of the 
approximate direction of ground-water flow at any location 
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on the water table. Lines drawn perpendicular to water-table 
contours usually indicate the direction of ground-water flow 
along the upper surface of the ground-water system. The 
water table is continually adjusting to changing recharge and 
discharge patterns. Therefore, to construct a water-table map, 
water-level measurements must be made at approximately the 
same time, and the resulting map is representative only of that 
specific time.



GROUND-WATER MOVEMENT



The ground-water system as a whole is actually a 
three-dimensional flow field; therefore, it is important to under-
stand how the vertical components of ground-water movement 
affect the interaction of ground water and surface water. A 
vertical section of a flow field indicates how potential energy is 
distributed beneath the water table in the ground-water 
system and how the energy distribution can be used to deter-
mine vertical components of flow near a surface-water body. 
The term hydraulic head, which is the sum of elevation and 
water pressure divided by the weight density of water, is used 
to describe potential energy in ground-water flow systems. For 
example, Figure A–3 shows a generalized vertical section of 
subsurface water flow. Water that infiltrates at land surface 
moves vertically downward to the water table to become 
ground water. The ground water then moves both vertically 
and laterally within the ground-water system. Movement is 
downward and lateral on the right side of the diagram, mostly 
lateral in the center, and lateral and upward on the left side of 
the diagram.



Flow fields such as these can be mapped in a process 
similar to preparing water-table maps, except that vertically 
distributed piezometers need to be used instead of water-table 
wells. A piezometer is a well that has a very short screen so 
the water level represents hydraulic head in only a very small 
part of the ground-water system. A group of piezometers 
completed at different depths at the same location is referred 
to as a piezometer nest. Three such piezometer nests are 
shown in Figure A–3 (locations A, B, and C). By starting at a 
water-table contour, and using the water-level data from the 
piezometer nests, lines of equal hydraulic head can be drawn. 
Similar to drawing flow direction on water-table maps, flow 
lines can be drawn approximately perpendicular to these lines 
of equal hydraulic head, as shown in Figure A–3.



Actual flow fields generally are much more complex 
than that shown in Figure A–3. For example, flow systems 
of different sizes and depths can be present, and they can 
overlie one another, as indicated in Figure A–4. In a local flow 
system, water that recharges at a water-table high discharges 
to an adjacent lowland. Local flow systems are the most 
dynamic and the shallowest flow systems; therefore, they have 
the greatest interchange with surface water. Local flow 
systems can be underlain by intermediate and regional flow 
systems. Water in deeper flow systems have longer flow paths 
and longer contact time with subsurface materials; therefore, 
the water generally contains more dissolved chemicals. 
Nevertheless, these deeper flow systems also eventually 
discharge to surface water, and they can have a great effect 
on the chemical characteristics of the receiving surface water.
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Figure A–4.  Ground-water flow systems can be local, 
intermediate, and regional in scale. Much ground-water 
discharge into surface-water bodies is from local flow 
systems. (Figure modified from Toth, J., 1963, A theoretical 
analysis of groundwater flow in small drainage basins:  
p. 75–96 in Proceedings of Hydrology Symposium No. 3, 
Groundwater, Queen’s Printer, Ottawa, Canada.)



in wells and piezometers, by the perme-
ability of the aquifer materials. Permeability 
is a quantitative measure of the ease of 
water movement through aquifer materials. 
For example, sand is more permeable than 
clay because the pore spaces between sand 
grains are larger than pore spaces between 
clay particles.



Figure A–3.  If the distribution of hydraulic 
head in vertical section is known from 
nested piezometer data, zones of down-
ward, lateral, and upward components of 
ground-water flow can be determined.
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Changing meteorological conditions also 
strongly affect seepage patterns in surface-water 
beds, especially near the shoreline. The water table 
commonly intersects land surface at the shoreline, 
resulting in no unsaturated zone at this point. Infil-
trating precipitation passes rapidly through a thin 
unsaturated zone adjacent to the shoreline, which 
causes water-table mounds to form quickly adja-
cent to the surface water (Figure 6). This process, 
termed focused recharge, can result in increased 
ground-water inflow to surface-water bodies, or it 
can cause inflow to surface-water bodies that 
normally have seepage to ground water. Each 
precipitation event has the potential to cause this 
highly transient flow condition near shorelines as 
well as at depressions in uplands (Figure 6).



These periodic changes in the direction of 
flow also take place on longer time scales: focused 
recharge from precipitation predominates during 
wet periods and drawdown by transpiration 
predominates during dry periods. As a result, 
the two processes, together with the geologic 
controls on seepage distribution, can cause flow 
conditions at the edges of surface-water bodies to 
be extremely variable. These “edge effects” prob-
ably affect small surface-water bodies more than 
large surface-water bodies because the ratio of 
edge length to total volume is greater for small 
water bodies than it is for large ones.
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Figure 6.  Ground-water recharge commonly is focused 
initially where the unsaturated zone is relatively thin 
at the edges of surface-water bodies and beneath 
depressions in the land surface.



Transpiration by nearshore plants has 
the opposite effect of focused recharge. Again, 
because the water table is near land surface at 
edges of surface-water bodies, plant roots can 
penetrate into the saturated zone, allowing the 
plants to transpire water directly from the ground-
water system (Figure 7). Transpiration of ground 
water commonly results in a drawdown of the 
water table much like the effect of a pumped well. 
This highly variable daily and seasonal transpira-
tion of ground water may significantly reduce 
ground-water discharge to a surface-water body or 
even cause movement of surface water into 
the subsurface. In many places it is possible to 
measure diurnal changes in the direction of flow 
during seasons of active plant growth; that is, 
ground water moves into the surface water during 
the night, and surface water moves into shallow 
ground water during the day.
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Figure 7.  Where the depth to the water table is small 
adjacent to surface-water bodies, transpiration 
directly from ground water can cause cones of depres-
sion similar to those caused by pumping wells. This 
sometimes draws water directly from the surface water 
into the subsurface.
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INTERACTION OF GROUND WATER 
AND STREAMS



Streams interact with ground water in all 
types of landscapes (see Box B). The interaction 
takes place in three basic ways: streams gain 
water from inflow of ground water through the 
streambed (gaining stream, Figure 8A), they lose 
water to ground water by outflow through the stre-
ambed (losing stream, Figure 9A), or they do both, 
gaining in some reaches and losing in other 
reaches. For ground water to discharge into a 
stream channel, the altitude of the water table in the 
vicinity of the stream must be higher than the alti-



tude of the stream-water surface. Conversely, for 
surface water to seep to ground water, the altitude 
of the water table in the vicinity of the stream must 
be lower than the altitude of the stream-water 
surface. Contours of water-table elevation indicate 
gaining streams by pointing in an upstream direc-
tion (Figure 8B), and they indicate losing streams 
by pointing in a downstream direction (Figure 9B) 
in the immediate vicinity of the stream.



Losing streams can be connected to the 
ground-water system by a continuous saturated 
zone (Figure 9A) or can be disconnected from 
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Figure 8.  Gaining streams receive water from the 
ground-water system (A). This can be determined from 
water-table contour maps because the contour lines 
point in the upstream direction where they cross the 
stream (B).



Figure 9.  Losing streams lose water to the ground-water 
system (A). This can be determined from water-table 
contour maps because the contour lines point in the 
downstream direction where they cross the stream (B).
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the ground-water system by an unsaturated zone. 
Where the stream is disconnected from the ground-
water system by an unsaturated zone, the water 
table may have a discernible mound below the 
stream (Figure 10) if the rate of recharge through 
the streambed and unsaturated zone is greater than 
the rate of lateral ground-water flow away from the 
water-table mound. An important feature of 
streams that are disconnected from ground water is 
that pumping of shallow ground water near the 
stream does not affect the flow of the stream near 
the pumped wells.



In some environments, streamflow gain or 
loss can persist; that is, a stream might always 
gain water from ground water, or it might always 
lose water to ground water. However, in other envi-



ronments, flow direction can vary a great 
deal along a stream; some reaches receive ground 
water, and other reaches lose water to ground 
water. Furthermore, flow direction can change 
in very short timeframes as a result of individual 
storms causing focused recharge near the stream-
bank, temporary flood peaks moving down the 
channel, or transpiration of ground water by 
streamside vegetation.



A type of interaction between ground water 
and streams that takes place in nearly all streams at 
one time or another is a rapid rise in stream stage 
that causes water to move from the stream into the 
streambanks. This process, termed bank storage 
(Figures 11 and 12B), usually is caused by storm 
precipitation, rapid snowmelt, or release of water 
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Figure 11.  If stream levels rise higher than adjacent 
ground-water levels, stream water moves into the 
streambanks as bank storage.
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Figure 10.  Disconnected streams are separated from 
the ground-water system by an unsaturated zone.
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from a reservoir upstream. As long as the rise in 
stage does not overtop the streambanks, most of the 
volume of stream water that enters the streambanks 
returns to the stream within a few days or weeks. 
The loss of stream water to bank storage and return 
of this water to the stream in a period of days or 
weeks tends to reduce flood peaks and later supple-
ment stream flows. If the rise in stream stage is 
sufficient to overtop the banks and flood large 
areas of the land surface, widespread recharge to 
the water table can take place throughout the 
flooded area (Figure 12C). In this case, the time it 
takes for the recharged floodwater to return to the 
stream by ground-water flow may be weeks, 
months, or years because the lengths of the ground-
water flow paths are much longer than those 
resulting from local bank storage. Depending on 
the frequency, magnitude, and intensity of storms 
and on the related magnitude of increases in stream 
stage, some streams and adjacent shallow aquifers 
may be in a continuous readjustment from interac-
tions related to bank storage and overbank 
flooding.



In addition to bank storage, other processes 
may affect the local exchange of water between 
streams and adjacent shallow aquifers. Changes 
in streamflow between gaining and losing condi-
tions can also be caused by pumping ground water 



near streams (see Box C). Pumping can intercept 
ground water that would otherwise have discharged 
to a gaining stream, or at higher pumping rates it 
can induce flow from the stream to the aquifer.
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Figure 12.  If stream levels rise higher than their 
streambanks (C), the floodwaters recharge ground 
water throughout the flooded areas.
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B
The Ground-Water Component 



of Streamflow



Ground water contributes to streams in most physio-
graphic and climatic settings. Even in settings where streams 
are primarily losing water to ground water, certain reaches 
may receive ground-water inflow during some seasons. The 
proportion of stream water that is derived from ground-water 
inflow varies across physiographic and climatic settings. The 
amount of water that ground water contributes to streams can 
be estimated by analyzing streamflow hydrographs to deter-
mine the ground-water component, which is termed base flow 
(Figure B–1). Several different methods of analyzing hydro-
graphs have been used by hydrologists to determine the base-
flow component of streamflow.



One of the methods, which provides a conservative 
estimate of base flow, was used to determine the ground-
water contribution to streamflow in 24 regions in the contermi-
nous United States. The regions, delineated on the basis of 
physiography and climate, are believed to have common 
characteristics with respect to the interactions of ground 
water and surface water (Figure B–2). Fifty-four streams 
were selected for the analysis, at least two in each of the 



24 regions. Streams were selected that had drainage basins 
less than 250 square miles and that had less than 3 percent 
of the drainage area covered by lakes and wetlands. Daily 
streamflow values for the 30-year period, 1961–1990, were 
used for the analysis of each stream. The analysis indicated 
that, for the 54 streams over the 30-year period, an average 
of 52 percent of the streamflow was contributed by ground 
water. Ground-water contributions ranged from 14 percent 
to 90 percent, and the median was 55 percent. The ground-
water contribution to streamflow for selected streams can 
be compared in Figure B–2. As an example of the effect 
that geologic setting has on the contribution of ground water 
to streamflow, the Forest River in North Dakota can be 
compared to the Sturgeon River in Michigan. The Forest 
River Basin is underlain by poorly permeable silt and clay 
deposits, and only about 14 percent of its average annual 
flow is contributed by ground water; in contrast, the Sturgeon 
River Basin is underlain by highly permeable sand and gravel, 
and about 90 percent of its average annual flow is contributed 
by ground water.
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Figure B–1.  The ground-water compo-
nent of streamflow was estimated 
from a streamflow hydrograph for the 
Homochitto River in Mississippi, using 
a method developed by the institute of 
Hydrology, United Kingdom. (Institute 
of Hydrology, 1980, Low flow studies: 
Wallingford, Oxon, United Kingdom, 
Research Report No. 1.)
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A. Dismal River, Nebr. 
B.  Forest River, N. Dak.



C. Sturgeon River, Mich.I. Orestimba Creek, Calif.



J. Duckabush River, Wash.



F. Homochitto River, Miss.
E. Brushy Creek, Ga.



D. Ammonoosuc River, N.H.



G. Dry Frio River, Tex.



H. Santa Cruz River, Ariz.
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Figure B–2.  In the conterminous United States, 24 regions were delineated where the interactions of ground water and 
surface water are considered to have similar characteristics. The estimated ground-water contribution to streamflow is 
shown for specific streams in 10 of the regions.
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C
The Effect of Ground-Water Withdrawals 



on Surface Water



Withdrawing water from shallow aquifers that are 
directly connected to surface-water bodies can have a signifi-
cant effect on the movement of water between these two 
water bodies. The effects of pumping a single well or a small 
group of wells on the hydrologic regime are local in scale. 
However, the effects of many wells withdrawing water 
from an aquifer over large areas may be regional in scale.



Withdrawing water from shallow aquifers for public 
and domestic water supply, irrigation, and industrial uses 
is widespread. Withdrawing water from shallow aquifers near 
surface-water bodies can diminish the available surface-water 
supply by capturing some of the ground-water flow that other-
wise would have discharged to surface water or by inducing 
flow from surface water into the surrounding aquifer system.  
An analysis of the sources of water to a pumping well in a 
shallow aquifer that discharges to a stream is provided here 
to gain insight into how a pumping well can change the quan-
tity and direction of flow between the shallow aquifer and the 
stream. Furthermore, changes in the direction of flow between 
the two water bodies can affect transport of contaminants 
associated with the moving water. Although a stream is used 
in the example, the results apply to all surface-water bodies, 
including lakes and wetlands.



A ground-water system under predevelopment 
conditions is in a state of dynamic equilibrium—for example, 
recharge at the water table is equal to ground-water discharge 
to a stream (Figure C–1A). Assume a well is installed and is 
pumped continually at a rate, Q1. After a new state of dynamic 
equilibrium is achieved, inflow to the ground-water system 



from recharge will equal outflow to the stream plus the with-
drawal from the well. In this new equilibrium, some of the 
ground water that would have discharged to the stream is 
intercepted by the well, and a ground-water divide, which 
is a line separating directions of flow, is established locally 
between the well and the stream (Figure C–1B). If the well is 
pumped at a higher rate, Q2, at a later time a new equilibrium 
is reached. Under this condition, the ground-water divide 
between the well and the stream is no longer present and 
withdrawals from the well induce movement of water from 
the stream into the aquifer (Figure C–1C). Thus, pumpage 
reverses the hydrologic condition of the stream in this reach 
from a ground-water discharge feature to a ground-water 
recharge feature.



In the hydrologic system depicted in Figures C–1A 
and C–1B, the quality of the stream water generally will 
have little effect on the quality of the shallow ground water. 
However, in the case of the well pumping at the higher rate, Q2 
(Figure C–1C), the quality of the stream water, which locally 
recharges the shallow aquifer, can affect the quality of ground 
water between the well and the stream as well as the quality of 
the ground water withdrawn from the well.



This hypothetical withdrawal of water from a shallow 
aquifer that discharges to a nearby surface-water body is a 
simplified but compelling illustration of the concept that ground 
water and surface water are one resource. In the long term, 
the quantity of ground water withdrawn is approximately equal 
to the reduction in streamflow that is potentially available to 
downstream users.
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Figure C–1.  In a schematic hydrologic 
setting where ground water discharges 
to a stream under natural conditions (A), 
placement of a well pumping at a rate 
(Q1) near the stream will intercept part 
of the ground water that would have 
discharged to the stream (B). If the well 
is pumped at an even greater rate (Q2), 
it can intercept additional water that 
would have discharged to the stream 
in the vicinity of the well and can draw 
water from the stream to the well (C).
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Where streamflow is generated in head-
waters areas, the changes in streamflow between 
gaining and losing conditions may be particularly 
variable (Figure 13). The headwaters segment 
of streams can be completely dry except during 
storm events or during certain seasons of the year 
when snowmelt or precipitation is sufficient to 
maintain continuous flow for days or weeks. 
During these times, the stream will lose water to 
the unsaturated zone beneath its bed. However, 
as the water table rises through recharge in the 
headwaters area, the losing reach may become a 
gaining reach as the water table rises above the 
level of the stream. Under these conditions, the 
point where ground water first contributes to the 
stream gradually moves upstream.



Some gaining streams have reaches that 
lose water to the aquifer under normal conditions 
of streamflow. The direction of seepage through 
the bed of these streams commonly is related 
to abrupt changes in the slope of the streambed 
(Figure 14A) or to meanders in the stream channel 
(Figure 14B). For example, a losing stream reach 



usually is located at the downstream end of 
pools in pool and riffle streams (Figure 14A), 
or upstream from channel bends in meandering 
streams (Figure 14B). The subsurface zone where 
stream water flows through short segments of its 
adjacent bed and banks is referred to as the 
hyporheic zone. The size and geometry of 
hyporheic zones surrounding streams vary greatly 
in time and space. Because of mixing between 
ground water and surface water in the hyporheic 
zone, the chemical and biological character of the 
hyporheic zone may differ markedly from adjacent 
surface water and ground water.



Ground-water systems that discharge to 
streams can underlie extensive areas of the land 
surface (Figure 15). As a result, environmental 
conditions at the interface between ground water 
and surface water reflect changes in the broader 
landscape. For example, the types and numbers 
of organisms in a given reach of streambed result, 
in part, from interactions between water in the 
hyporheic zone and ground water from distant 
sources.
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Figure 13.  The location where peren-
nial streamflow begins in a channel 
can vary depending on the distribution 
of recharge in headwaters areas. 
Following dry periods (A), the 
start of streamflow will move up-
channel during wet periods as the 
ground-water system becomes more 
saturated (B).
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Figure 14.  Surface-water exchange with ground water in the hyporheic zone is associated with abrupt changes 
in streambed slope (A) and with stream meanders (B).



Figure 15.  Streambeds and banks are unique environments because they are where ground water that drains much 
of the subsurface of landscapes interacts with surface water that drains much of the surface of landscapes.
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INTERACTION OF GROUND WATER AND 
LAKES



Lakes interact with ground water in three 
basic ways: some receive ground-water inflow 
throughout their entire bed; some have seepage 
loss to ground water throughout their entire 
bed; but perhaps most lakes receive ground-
water inflow through part of their bed and have 
seepage loss to ground water through other parts 
(Figure 16). Although these basic interactions are 
the same for lakes as they are for streams, the inter-
actions differ in several ways.



The water level of natural lakes, that is, 
those not controlled by dams, generally does not 
change as rapidly as the water level of streams; 
therefore, bank storage is of lesser importance in 
lakes than it is in streams. Evaporation generally 
has a greater effect on lake levels than on stream 
levels because the surface area of lakes is generally 
larger and less shaded than many reaches of 
streams, and because lake water is not replenished 
as readily as a reach of a stream. Lakes can be 
present in many different parts of the landscape and 
can have complex ground-water flow systems 
associated with them. This is especially true for 
lakes in glacial and dune terrain, as is discussed in 
a later section of this Circular. Furthermore, lake 
sediments commonly have greater volumes of 
organic deposits than streams. These poorly perme-
able organic deposits can affect the distribution of 
seepage and biogeochemical exchanges of water 
and solutes more in lakes than in streams.



Reservoirs are human-made lakes that are 
designed primarily to control the flow and distribu-
tion of surface water. Most reservoirs are 
constructed in stream valleys; therefore, they 
have some characteristics both of streams and 
lakes. Like streams, reservoirs can have widely 
fluctuating levels, bank storage can be significant, 
and they commonly have a continuous flushing 
of water through them. Like lakes, reservoirs 
can have significant loss of water by evaporation, 
significant cycling of chemical and biological 
materials within their waters, and extensive 
biogeochemical exchanges of solutes with organic 
sediments.



B



Lake surface



A



Lake surface



C



Lake surface



Figure 16.  Lakes can receive ground-water inflow (A), 
lose water as seepage to ground water (B), or both 
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INTERACTION OF GROUND WATER AND 
WETLANDS



Wetlands are present in climates and land-
scapes that cause ground water to discharge to land 
surface or that prevent rapid drainage of water 
from the land surface. Similar to streams and lakes, 
wetlands can receive ground-water inflow, 
recharge ground water, or do both. Those wetlands 
that occupy depressions in the land surface have 
interactions with ground water similar to lakes and 
streams. Unlike streams and lakes, however, 
wetlands do not always occupy low points and 
depressions in the landscape (Figure 17A); they 
also can be present on slopes (such as fens) or even 
on drainage divides (such as some types of bogs). 
Fens are wetlands that commonly receive ground-
water discharge (Figure 17B); therefore, they 
receive a continuous supply of chemical constitu-
ents dissolved in the ground water. Bogs are 
wetlands that occupy uplands (Figure 17D) or 
extensive flat areas, and they receive much of their 
water and chemical constituents from precipitation. 
The distribution of major wetland areas in the 
United States is shown in Figure 18.



In areas of steep land slopes, the water table 
sometimes intersects the land surface, resulting 
in ground-water discharge directly to the land 
surface. The constant source of water at these 
seepage faces (Figure 17B) permits the growth of 
wetland plants. A constant source of ground water 
to wetland plants is also provided to parts of the 
landscape that are downgradient from breaks in 
slope of the water table (Figure 17B), and where 



subsurface discontinuities in geologic units cause 
upward movement of ground water (Figure 17A). 
Many wetlands are present along streams, espe-
cially slow-moving streams. Although these 
riverine wetlands (Figure 17C) commonly receive 
ground-water discharge, they are dependent prima-
rily on the stream for their water supply.



“Lakes and wetlands can receive 
ground-water inflow throughout 



their entire bed, have  outflow 
throughout their entire bed, 



or have both inflow and outflow 
at different localities”
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Wetlands in riverine and coastal areas have 
especially complex hydrological interactions 
because they are subject to periodic water-level 
changes. Some wetlands in coastal areas are 
affected by very predictable tidal cycles. Other 
coastal wetlands and riverine wetlands are more 
affected by seasonal water-level changes and by 
flooding. The combined effects of precipitation, 
evapotranspiration, and interaction with surface 
water and ground water result in a pattern of water 
depths in wetlands that is distinctive. 



Hydroperiod is a term commonly used in 
wetland science that refers to the amplitude and 
frequency of water-level fluctuations. Hydro-
period affects all wetland characteristics, including 
the type of vegetation, nutrient cycling, and the 
types of invertebrates, fish, and bird species 
present.
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Figure 17.  The source of water to wetlands can be 
from ground-water discharge where the land surface 
is underlain by complex ground-water flow fields (A), 
from ground-water discharge at seepage faces and at 
breaks in slope of the water table (B), from streams (C), 
and from precipitation in cases where wetlands have no 
stream inflow and ground-water gradients slope away 
from the wetland (D).
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A major difference between lakes and 
wetlands, with respect to their interaction with 
ground water, is the ease with which water moves 
through their beds. Lakes commonly are shallow 
around their perimeter where waves can remove 
fine-grained sediments, permitting the surface 
water and ground water to interact freely. In 
wetlands, on the other hand, if fine-grained and 
highly decomposed organic sediments are present 
near the wetland edge, the transfer of water and 
solutes between ground water and surface water is 
likely to be much slower.



Another difference in the interaction between 
ground water and surface water in wetlands 
compared to lakes is determined by rooted vegeta-
tion in wetlands. The fibrous root mat in wetland 
soils is highly conductive to water flow; therefore, 
water uptake by roots of emergent plants results in 
significant interchange between surface water and 
pore water of wetland sediments. The water 
exchanges in this upper soil zone even if exchange 
between surface water and ground water is 
restricted at the base of the wetland sediments.



WETLANDS 
This map shows the approximate distribution of large
wetlands in the Nation. Because of limitations of scale 
and source material, some wetlands are not shown
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Figure 18.  Wetlands are present throughout the Nation, but they cover the largest areas in the glacial terrain of 
the north-central United States, coastal terrain along the Atlantic and gulf coasts, and riverine terrain in the 
lower Mississippi River Valley.
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EVOLUTION OF WATER CHEMISTRY 
IN DRAINAGE BASINS



Two of the fundamental controls on water 
chemistry in drainage basins are the type of 
geologic materials that are present and the 
length of time that water is in contact with 
those materials. Chemical reactions that affect 
the biological and geochemical characteristics of 
a basin include (1) acid-base reactions, (2) precipi-
tation and dissolution of minerals, (3) sorption and 
ion exchange, (4) oxidation-reduction reactions, 
(5) biodegradation, and (6) dissolution and exsolu-
tion of gases (see Box D). When water first infil-
trates the land surface, microorganisms in the soil 
have a significant effect on the evolution of water 
chemistry. Organic matter in soils is degraded by 



microbes, producing high concentrations of 
dissolved carbon dioxide (CO2). This process 
lowers the pH by increasing the carbonic acid 
(H2CO3) concentration in the soil water. The 
production of carbonic acid starts a number of 
mineral-weathering reactions, which result in 
bicarbonate (HCO3



−) commonly being the most 
abundant anion in the water. Where contact times 
between water and minerals in shallow ground-
water flow paths are short, the dissolved-solids 
concentration in the water generally is low. In 
such settings, limited chemical changes take place 
before ground water is discharged to surface water.



Chemical Interactions of 
Ground Water and Surface Water



“Two of the fundamental controls 
on water chemistry in drainage 
basins are the type of geologic 



materials that are present and the 
length of time that water is in 
contact with those materials”
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In deeper ground-water flow systems, the 
contact time between water and minerals is much 
longer than it is in shallow flow systems. As a 
result, the initial importance of reactions relating to 
microbes in the soil zone may be superseded over 
time by chemical reactions between minerals and 
water (geochemical weathering). As weathering 
progresses, the concentration of dissolved solids 
increases. Depending on the chemical composition 
of the minerals that are weathered, the relative 
abundance of the major inorganic chemicals 
dissolved in the water changes (see Box E).



Surface water in streams, lakes, and wetlands 
can repeatedly interchange with nearby ground 
water. Thus, the length of time water is in contact 
with mineral surfaces in its drainage basin can 
continue after the water first enters a stream, lake, 
or wetland. An important consequence of these 
continued interchanges between surface water and 
ground water is their potential to further increase 
the contact time between water and chemically 
reactive geologic materials.



CHEMICAL INTERACTIONS OF GROUND 
WATER AND SURFACE WATER IN 
STREAMS, LAKES, AND WETLANDS



Ground-water chemistry and surface-water 
chemistry cannot be dealt with separately where 
surface and subsurface flow systems interact. The 
movement of water between ground water and 
surface water provides a major pathway for 
chemical transfer between terrestrial and aquatic 
systems (see Box F). This transfer of chemicals 
affects the supply of carbon, oxygen, nutrients such 
as nitrogen and phosphorus, and other chemical 
constituents that enhance biogeo-
chemical processes on both sides of the interface. 
This transfer can ultimately affect the biological 
and chemical characteristics of aquatic systems 
downstream.



“The movement of water between 
ground water and surface water 



provides a major pathway for 
chemical transfer between 



terrestrial and aquatic systems”
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D
Some Common Types of



Biogeochemical Reactions
Affecting Transport of Chemicals 



in Ground Water and Surface Water



ACID-BASE REACTIONS



Acid-base reactions involve the transfer of hydrogen 
ions (H+) among solutes dissolved in water, and they affect the 
effective concentrations of dissolved chemicals through 
changes in the H+ concentration in water. A brief notation for 
H+ concentration (activity) is pH, which represents a negative 
logarithmic scale of the H+ concentration. Smaller values of 
pH represent larger concentrations of H+, and larger values of 
pH represent smaller concentrations of H+. Many metals stay 
dissolved when pH values are small; increased pH causes 
these metals to precipitate from solution.



PRECIPITATION AND DISSOLUTION 
OF MINERALS



Precipitation reactions result in minerals being 
formed (precipitated) from ions that are dissolved in water. 
An example of this type of reaction is the precipitation of 
iron, which is common in areas of ground-water seeps and 
springs. At these locations, the solid material iron hydroxide 
is formed when iron dissolved in ground water comes in 
contact with oxygen dissolved in surface water. The reverse, 
or dissolution reactions, result in ions being released into 
water by dissolving minerals. An example is the release of 
calcium ions (Ca++) and bicarbonate ions (HCO3



−) when 
calcite (CaCO3) in limestone is dissolved.



SORPTION AND ION EXCHANGE



Sorption is a process in which ions or molecules 
dissolved in water (solutes) become attached to the surfaces 
(or near-surface parts) of solid materials, either temporarily or 
permanently. Thus, solutes in ground water and surface water 
can be sorbed either to the solid materials that comprise 
an aquifer or streambed or to particles suspended in ground 
water or surface water. The attachments of positively charged 
ions to clays and of pesticides to solid surfaces are examples 
of sorption. Release of sorbed chemicals to water is termed 
desorption.



When ions attached to the surface of a solid are 
replaced by ions that were in water, the process is known 
as ion exchange. Ion exchange is the process that takes 
place in water softeners; ions that contribute to water hard-
ness—calcium and magnesium—are exchanged for sodium 
on the surface of the solid. The result of this process is that 
the amount of calcium and magnesium in the water declines 
and the amount of sodium increases. The opposite takes 
place when saltwater enters an aquifer; some of the sodium 
in the saltwater is exchanged for calcium sorbed to the solid 
material of the aquifer.



OXIDATION-REDUCTION REACTIONS



Oxidation-reduction (redox) reactions take place when 
electrons are exchanged among solutes. In these reactions, 
oxidation (loss of electrons) of certain elements is accompa-
nied by the reduction (gain of electrons) of other elements. 
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For example, when iron dissolved in water that does not 
contain dissolved oxygen mixes with water that does contain 
dissolved oxygen, the iron and oxygen interact by oxidation 
and reduction reactions. The result of the reactions is that 
the dissolved iron loses electrons (the iron is oxidized) and 
oxygen gains electrons (the oxygen is reduced). In this case, 
the iron is an electron donor and the oxygen is an electron 
acceptor. Bacteria can use energy gained from oxidation-
reduction reactions as they decompose organic material. 
To accomplish this, bacterially mediated oxidation-reduction 
reactions use a sequence of electron acceptors, including 
oxygen, nitrate, iron, sulfate, and carbon dioxide. The pres-
ence of the products of these reactions in ground water and 
surface water can be used to identify the dominant oxidation-
reduction reactions that have taken place in those waters. For 
example, the bacterial reduction of sulfate (SO4



2−) to sulfide 
(HS−) can result when organic matter is oxidized to CO2.



BIODEGRADATION



Biodegradation is the decomposition of organic 
chemicals by living organisms using enzymes. Enzymes 
are specialized organic compounds made by living 
organisms that speed up reactions with other organic 
compounds. Microorganisms degrade (transform) organic 
chemicals as a source of energy and carbon for growth. Micro-
bial processes are important in the fate and transport of many 
organic compounds. Some compounds, such as petroleum 



hydrocarbons, can be used directly by microorganisms as 
food sources and are rapidly degraded in many situations. 
Other compounds, such as chlorinated solvents, are not as 
easily assimilated. The rate of biodegradation of an organic 
chemical is dependent on its chemical structure, the environ-
mental conditions, and the types of microorganisms that are 
present.  Although biodegradation commonly can result in 
complete degradation of organic chemicals to carbon dioxide, 
water, and other simple products, it also can lead to interme-
diate products that are of environmental concern. For 
example, deethylatrazine, an intermediate degradation 
product of the pesticide atrazine (see Box P), commonly is 
detected in water throughout the corn-growing areas of the 
United States.



DISSOLUTION AND EXSOLUTION 
OF GASES



Gases are directly involved in many geochemical 
reactions. One of the more common gases is carbon dioxide 
(CO2). For example, stalactites can form in caves when 
dissolved CO2 exsolves (degasses) from dripping ground 
water, causing pH to rise and calcium carbonate to precipitate. 
In soils, the microbial production of CO2 increases the 
concentration of carbonic acid (H2CO3), which has a major 
control on the solubility of aquifer materials. Other gases 
commonly involved in chemical reactions are oxygen, 
nitrogen, hydrogen sulfide (H2S), and methane (CH4). Gases 
such as chlorofluorocarbons (CFCs) and radon are useful as 
tracers to determine the sources and rates of ground-water 
movement (see Box G).
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E
Evolution of Ground-Water Chemistry
from Recharge to Discharge Areas in 



the Atlantic Coastal Plain



Changes in the chemical composition of ground water 
in sediments of the Atlantic Coastal Plain (Figure E–1) provide 
an example of the chemical evolution of ground water in a 
regional flow system. In the shallow regime, infiltrating water 
comes in contact with gases in the unsaturated zone and 
shallow ground water. As a result of this contact, localized, 
short-term, fast reactions take place that dissolve minerals 
and degrade organic material. In the deep regime, long-
term, slower chemical reactions, such as precipitation and 



dissolution of minerals and ion-exchange, add or remove 
solutes. These natural processes and reactions commonly 
produce a predictable sequence of hydrochemical facies. In 
the Atlantic Coastal Plain, ground water evolves from water 
containing abundant bicarbonate ions and small concentra-
tions of dissolved solids near the point of recharge to water 
containing abundant chloride ions and large concentrations 
of dissolved solids where it discharges into streams, estuaries, 
and the Atlantic Ocean.



A HYPOTHETICAL COASTAL PLAIN
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Figure E–1.  In a coastal plain, such as 
along the Atlantic Coast of the United States, 
the interrelations of different rock types, shallow 
and deep ground-water flow systems (regimes), 
and mixing with saline water (A) results in the 
evolution of a number of different ground-water 
chemical types (B). (Modified from Back, 
William, Baedecker, M.J., and Wood, W.W., 
1993, Scales in chemical hydrogeology—
A historical perspective, in Alley, W.M., ed., 
Regional Ground-Water Quality: New York, 
van Nostrand Reinhold, p. 111–129.) 
(Reprinted by permission of John Wiley & 
Sons, Inc.)
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Many streams are contaminated. Therefore, 
the need to determine the extent of the chemical 
reactions that take place in the hyporheic zone is 
widespread because of the concern that 
the contaminated stream water will contaminate 
shallow ground water (see Box G). Streams offer 
good examples of how interconnections between 
ground water and surface water affect chemical 
processes. Rough channel bottoms cause stream 
water to enter the streambed and to mix with 
ground water in the hyporheic zone. This mixing 
establishes sharp changes in chemical concentra-
tions in the hyporheic zone.



A zone of enhanced biogeochemical activity 
usually develops in shallow ground water as a 
result of the flow of oxygen-rich surface water into 
the subsurface environment, where bacteria and 
geochemically active sediment coatings are abun-
dant (Figure 19). This input of oxygen to the 
streambed stimulates a high level of activity 
by aerobic (oxygen-using) microorganisms if 
dissolved oxygen is readily available. It is not 
uncommon for dissolved oxygen to be completely 
used up in hyporheic flow paths at some distance 
into the streambed, where anaerobic microorgan-
isms dominate microbial activity. Anaerobic 
bacteria can use nitrate, sulfate, or other solutes in 
place of oxygen for metabolism. The result of these 
processes is that many solutes are highly reactive 



in shallow ground water in the vicinity 
of streambeds.



The movement of nutrients and other chem-
ical constituents, including contaminants, between 
ground water and surface water is affected by 
biogeochemical processes in the hyporheic zone. 
For example, the rate at which organic contami-
nants biodegrade in the hyporheic zone can exceed 
rates in stream water or in ground water away from 
the stream. Another example is the removal of 
dissolved metals in the hyporheic 
zone. As water passes through the hyporheic zone, 
dissolved metals are removed by precipitation of 
metal oxide coatings on the sediments.
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Figure 19.  Microbial activity and 
chemical transformations commonly 
are enhanced in the hyporheic zone 
compared to those that take place 
in ground water and surface water. 
This diagram illustrates some of the 
processes and chemical transforma-
tions that may take place in the 
hyporheic zone. Actual chemical 
interactions depend on numerous 
factors including aquifer miner-
alogy, shape of the aquifer, types of 
organic matter in surface water and 
ground water, and nearby land use.
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F
The Interface Between Ground Water and Surface 



Water as an Environmental Entity



In the bed and banks of streams, water and solutes 
can exchange in both directions across the streambed. This 
process, termed hyporheic exchange, creates subsurface 
environments that have variable proportions of water from 
ground water and surface water. Depending on the type of 
sediment in the streambed and banks, the variability in slope 
of the streambed, and the hydraulic gradients in the adjacent 
ground-water system, the hyporheic zone can be as much 
as several feet in depth and hundreds of feet in width. The 
dimensions of the hyporheic zone generally increase with 
increasing width of the stream and permeability of streambed 
sediments.



The importance of the hyporheic zone was first recog-
nized when higher than expected abundances of aquatic 
insects were found in sediments where concentrations of 
oxygen were high. Caused by stream-water input, the high 
oxygen concentrations in the hyporheic zone make it possible 
for organisms to live in the pore spaces in the sediments, 
thereby providing a refuge for those organisms. Also, 
spawning success of salmon is greater where flow from the 
stream brings oxygen into contact with eggs that were depos-
ited within the coarse sediment.



These algae recovered rapidly following storms because 
concentrations of dissolved nitrogen were higher in 
areas of the streambed where water moved upward than in 
areas where water moved downward. Areas of streambed 
where water moved upward are, therefore, likely to be the first 
areas to return to more normal ecological conditions following 
flash floods in desert streams.



Sycamore Creek,
Arizona



Little Lost Man Creek, California



The hyporheic zone also can be a source of nutrients 
and algal cells to streams that foster the recovery of streams 
following catastrophic storms. For example, in a study of the 
ecology of Sycamore Creek in Arizona, it was found that the 
algae that grew in the top few inches of streambed sediment 
were quickest to recover following storms in areas where 
water in the sediments moved upward (Figure  F–1). 
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Figure F–1.  Abundance of algae in streambed sediments, 
as indicated by concentration of chlorophyll a, was markedly 
greater in areas where water moved upward through the sedi-
ments than in areas where water moved downward through 
the sediments in Sycamore Creek in Arizona. (Modified from 
Valett, H.M., Fisher, S.G., Grimm, N.B., and Camill, P., 1994, 
Vertical hydrologic exchange and ecologic stability of a desert 
stream ecosystem: Ecology, v. 75, p. 548–560.) (Reprinted 
with permission.)
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Hyporheic zones also serve as sites for nutrient uptake. 
A study of a coastal mountain stream in northern California 
indicated that transport of dissolved oxygen, dissolved carbon, 
and dissolved nitrogen in stream water into the hyporheic 
zone stimulated uptake of nitrogen by microbes and algae 
attached to sediment. A model simulation of nitrogen uptake 
(Figure F–2) indicated that both the physical process of water 
exchange between the stream and the hyporheic zone and the 
biological uptake of nitrate in the hyporheic zone affected the 
concentration of dissolved nitrogen in the stream.



The importance of biogeochemical processes that take 
place at the interface of ground water and surface water in 
improving water quality for human consumption is shown by 
the following example. Decreasing metal concentrations 
(Figure F–3) in drinking-water wells adjacent to the River Glatt 
in Switzerland was attributed to the interaction of the river with 
subsurface water. The improvement in ground-water quality 
started with improved sewage-treatment plants, which 
lowered phosphate in the river. Lower phosphate concentra-
tions lowered the amount of algal production in the river, which 
decreased the amount of dissolved organic carbon flowing 
into the riverbanks. These factors led to a decrease in the 
bacteria-caused dissolution of manganese and cadmium that 
were present as coatings on sediment in the aquifer. The 
result was substantially lower dissolved metal concentrations 
in ground water adjacent to the river, which resulted in an 
unexpected improvement in the quality of drinking water.
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Figure F–2.  Nitrate injected into Little Lost Man Creek in 
northern California was stored and taken up by algae and 
microbes in the hyporheic zone. (Modified from Kim, B.K.A., 
Jackman, A.P., and Triska, F.J., 1992, Modeling biotic uptake 
by periphyton and transient hyporheic storage of nitrate in a 
natural stream: Water Resources Research, v. 28, no.10, 
p. 2743–2752.)
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Figure F–3.  A decline in manganese and cadmium concen-
trations after 1990 in drinking-water wells near the River Glatt 
in Switzerland was attributed to decreased phosphate in the 
river and hydrologic and biogeochemical interactions between 
river water and ground water. (Modified from von Gunten, 
H.R., and Lienert, Ch., 1993, Decreased metal concentrations 
in ground water caused by controls on phosphate emissions: 
Nature, v. 364, p. 220–222.) (Reprinted with permission from 
Nature, Macmillan Magazines Limited.)
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G
Use of Environmental Tracers to Determine the
Interaction of Ground Water and Surface Water



Environmental tracers are naturally occurring dissolved 
constituents, isotopes, or physical properties of water that 
are used to track the movement of water through watersheds. 
Useful environmental tracers include (1) common dissolved 
constituents, such as major cations and anions; (2) stable 
isotopes of oxygen (18O) and hydrogen (2H) in water 
molecules; (3) radioactive isotopes such as tritium (3H) and 
radon (222Rn); and (4) water temperature. When used in 
simple hydrologic transport calculations, environmental 
tracers can be used to (1) determine source areas of water 
and dissolved chemicals in drainage basins, (2) calculate 
hydrologic and chemical fluxes between ground water and 
surface water, (3) calculate water ages that indicate the length 
of time water and dissolved chemicals have been present in 
the drainage basin (residence times), and (4) determine 
average rates of chemical reactions that take place during 
transport. Some examples are described below.



are industrial chemicals that are present in ground water less 
than 50 years old, also can be used to calculate ground-water 
age in different parts of a drainage basin.



222Radon is a chemically inert, radioactive gas that has 
a half-life of only 3.83 days. It is produced naturally in ground 
water as a product of the radioactive decay of 226radium in 
uranium-bearing rocks and sediment. Several studies have 
documented that radon can be used to identify locations of 



Juday Creek, Indiana



Walker Branch, Tennessee



Major cations and anions have been used as 
tracers in studies of the hydrology of small watersheds 
to determine the sources of water to streamflow during 
storms (see Figure G–1). In addition, stable isotopes of 
oxygen and hydrogen, which are part of water molecules, 
are useful for determining the mixing of waters from different 
source areas because of such factors as (1) differences 
in the isotopic composition of precipitation among recharge 
areas, (2) changes in the isotopic composition of shallow 
subsurface water caused by evaporation, and (3) temporal 
variability in the isotopic composition of precipitation 
relative to ground water.



Radioactive isotopes are useful indicators of the 
time that water has spent in the ground-water system. For 
example, tritium (3H) is a well-known radioactive isotope of 
hydrogen that had peak concentrations in precipitation in the 
mid-1960s as a result of above-ground nuclear-bomb testing 
conducted at that time. Chlorofluorocarbons (CFCs), which 
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Figure G–1.  The relative contributions of different 
subsurface water sources to streamflow in a 
stream in Tennessee were determined by 
analyzing the relative concentrations of calcium 
and sulfate. Note that increases in bedrock zone 
(ground water) flow appear to contribute more to 
the stormflow response at the downstream site 
than to the stormflow response at the upstream 
site in this small watershed. (Modified from 
Mulholland, P.J., 1993, Hydrometric and stream 
chemistry evidence of three storm flowpaths in 
Walker Branch Watershed: Journal of Hydrology, 
v. 151, p. 291–316.) (Reprinted with permission 
from Elsevier Science-NL, Amsterdam, The 
Netherlands.)
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significant ground-water input to a stream, such as from 
springs. Radon also has been used to determine stream-
water movement to ground water. For example, radon was 
used in a study in France to determine stream-water loss to 
ground water as a result of ground-water withdrawals. (See 
Figure G–2.)



An example of using stream-water temperature and 
sediment temperature for mapping gaining and losing reaches 
of a stream is shown in Figure G–3. In gaining reaches of the 
stream, sediment temperature and stream-water temperature 
are markedly different. In losing reaches of the stream, the 
diurnal fluctuations of temperature in the stream are reflected 
more strongly in the sediment temperature.
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Figure G–2.  Sharp changes in chemical concentrations 
were detected over short distances as water from the Lot 
River in France moved into its contiguous alluvial aquifer in 
response to pumping from a well. Specific conductance of 
water was used as an environmental tracer to determine the 
extent of mixing of surface water with ground water, and 
radon was used to determine the inflow rate of stream water. 
Both pieces of information were then used to calculate the 
rate at which dissolved metals reacted to form solid phases 
during movement of stream water toward the pumping well. 
(Modified from Bourg, A.C.M., and Bertin, C., 1993, 
Biogeochemical processes during the infiltration of river 
water into an alluvial aquifer: Environmental Science and 
Technology, v. 27, p. 661–666.) (Reprinted with permission 
from the American Chemical Society.)



Figure G–3.  Ground-water temperatures 
generally are more stable than surface-water 
temperatures. Therefore, gaining reaches of 
Juday Creek in Indiana are characterized 
by relatively stable sediment temperatures 
compared to stream-water temperatures (A). 
Conversely, losing reaches are characterized 
by more variable sediment temperatures caused 
by the temperature of the inflowing surface 
water (B). (Modified from Silliman, S.E., and 
Booth, D.F., 1993, Analysis of time series 
measurements of sediment temperature for 
identification of gaining versus losing portions 
of Juday Creek, Indiana: Journal of Hydrology, 
v. 146, p. 131–148.) (Reprinted with permission 
from Elsevier Science-NL, Amsterdam, The 
Netherlands.)
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Lakes and wetlands also have distinctive 
biogeochemical characteristics with respect to their 
interaction with ground water. The chemistry of 
ground water and the direction and magnitude of 
exchange with surface water significantly affect the 
input of dissolved chemicals to lakes and wetlands. 
In general, if lakes and wetlands have little interac-
tion with streams or with ground water, input of 
dissolved chemicals is mostly from precipitation; 
therefore, the input of chemicals is minimal. Lakes 
and wetlands that have a considerable amount of 
ground-water inflow generally have large inputs of 
dissolved chemicals. In cases where the input of 
dissolved nutrients such as phosphorus and 
nitrogen exceeds the output, primary production by 
algae and wetland plants is large. When this large 
amount of plant material dies, oxygen is used in the 
process of decomposition. In some cases the loss of 
oxygen from lake water can be large enough to kill 
fish and other aquatic organisms.



The magnitude of surface-water inflow and 
outflow also affects the retention of nutrients in 
wetlands. If lakes or wetlands have no stream 
outflow, retention of chemicals is high. The 
tendency to retain nutrients usually is less in 
wetlands that are flushed substantially by through-
flow of surface water. In general, as surface-water 
inputs increase, wetlands vary from those that 
strongly retain nutrients to those that both import 
and export large amounts of nutrients. Further-
more, wetlands commonly have a significant role 
in altering the chemical form of dissolved constitu-
ents. For example, wetlands that have throughflow 
of surface water tend to retain the chemically 
oxidized forms and release the chemically reduced 
forms of metals and nutrients. 



“The chemistry of ground water 
and the direction and magnitude 
of exchange with surface water 



significantly affect the input of dissolved 
chemicals to lakes and wetlands”
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MOUNTAINOUS TERRAIN



The hydrology of mountainous terrain 
(area M of the conceptual landscape, Figure 2) is 
characterized by highly variable precipitation and 
water movement over and through steep land 
slopes. On mountain slopes, macropores created by 
burrowing organisms and by decay of plant roots 
have the capacity to transmit subsurface flow 



downslope  quickly. In addition, some rock types 
underlying soils may be highly weathered or 
fractured and may transmit significant additional 
amounts of flow through the subsurface. In some 
settings this rapid flow of water results in hillside 
springs.



A general concept of water flow in moun-
tainous terrain includes several pathways by which 
precipitation moves through the hillside to a stream 
(Figure 20). Between storm and snowmelt periods, 
streamflow is sustained by discharge from the 
ground-water system (Figure 20A). During intense 
storms, most water reaches streams very rapidly by 
partially saturating and flowing through the highly 
conductive soils. On the lower parts of hillslopes, 
the water table sometimes rises to the land surface 
during storms, resulting in overland flow (Figure 
20B). When this occurs, precipitation on the satu-
rated area adds to the quantity of overland flow. 
When storms or snowmelt persist in mountainous 
areas, near-stream saturated areas can expand 
outward from streams to include areas higher on 
the hillslope. In some settings, especially in arid 
regions, overland flow can be generated when the 
rate of rainfall exceeds the infiltration capacity of 
the soil (Figure 20C).



Near the base of some mountainsides, the 
water table intersects the steep valley wall some 
distance up from the base of the slope (Figure 21, 
left side of valley). This results in perennial 



Interaction of Ground Water and 
Surface Water in Different Landscapes



Ground water is present in virtually all 
landscapes. The interaction of ground water with 
surface water depends on the physiographic and 
climatic setting of the landscape. For example, a 
stream in a wet climate might receive ground-water 
inflow, but a stream in an identical physiographic 
setting in an arid climate might lose water to 
ground water. To provide a broad and unified 



perspective of the interaction of ground water and 
surface water in different landscapes, a conceptual 
landscape (Figure 2) is used as a reference. Some 
common features of the interaction for various 
parts of the conceptual landscape are described 
below. The five general types of terrain discussed 
are mountainous, riverine, coastal, glacial and 
dune, and karst.
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discharge of ground water and, in many cases, the 
presence of wetlands. A more common hydrologic 
process that results in the presence of wetlands in 
some mountain valleys is the upward discharge 
of ground water caused by the change in slope of the 
water table from being steep on the valley side to 
being relatively flat in the alluvial valley (Figure 21, 
right side of valley). Where both of these water-table 
conditions exist, wetlands fed by ground water, which 
commonly are referred to as fens, can be present.



Another dynamic aspect of the interaction 
of ground water and surface water in mountain 
settings is caused by the marked longitudinal compo-
nent of flow in mountain valleys. The high gradient of 
mountain streams, coupled with the coarse texture of 
streambed sediments, results in a strong down-valley 
component of flow accompanied by frequent 
exchange of stream water with water in the hyporheic 
zone (Figure 14) (see Box H). The driving force for 
water exchange between a stream and its hyporheic 
zone is created by the surface water flowing over 
rough streambeds, through pools and riffles, over 
cascades, and around boulders and logs. Typically, 
the stream enters the hyporheic zone at the down-
stream end of pools and then flows beneath steep 
sections of the stream (called riffles), returning to the 
stream at the upstream end of the next pool (Figure 
14A). Stream water also may enter the hyporheic zone 
upstream from channel meanders, causing stream 
water to flow through a gravel bar before reentering 
the channel downstream (Figure 14B).
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Figure 21.  In mountainous terrain, ground water can 
discharge at the base of steep slopes (left side of 
valley), at the edges of flood plains (right side of 
valley), and to the stream.
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Figure 20.  Water from precipitation moves to mountain 
streams along several pathways. Between 
storms and snowmelt periods, most inflow to streams 
commonly is from ground water (A). During storms 
and snowmelt periods, much of the water inflow to 
streams is from shallow flow in saturated macropores 
in the soil zone. If infiltration to the water table is 
large enough, the water table will rise to the land 
surface and flow to the stream is from ground water, 
soil water, and overland runoff (B). In arid areas 
where soils are very dry and plants are sparse, infiltra-
tion is impeded and runoff from precipitation can 
occur as overland flow (C). (Modified from Dunne, T., 
and Leopold, L.B., 1978, Water in environmental 
planning: San Francisco, W.H. Freeman.) (Used with 
permission.)
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Streams flowing from mountainous terrain 
commonly flow across alluvial fans at the edges 
of the valleys. Most streams in this type of setting 
lose water to ground water as they traverse the 
highly permeable alluvial fans. This process has 
long been recognized in arid western regions, but it 
also has been documented in humid regions, such 
as the Appalachian Mountains. In arid 
and semiarid regions, seepage of water from 
the stream can be the principal source of aquifer 
recharge. Despite its importance, ground-water 



Termed cirque lakes, they receive much of their 
water from snowmelt. However, they interact with 
ground water much like the processes shown in 
Figure 21, and they can be maintained by ground 
water throughout the snow-free season.



The geochemical environment of mountains 
is quite diverse because of the effects of highly 
variable climate and many different rock 
and soil types on the evolution of water chemistry. 
Geologic materials can include crystalline, 
volcanic, and sedimentary rocks and glacial 
deposits. Sediments can vary from those having 
well-developed soil horizons to stream alluvium 
that has no soil development. During heavy precip-
itation, much water flows through shallow flow 
paths, where it interacts with microbes and soil 
gases. In the deeper flow through fractured 
bedrock, longer term geochemical interactions of 
ground water with minerals determine the chem-
istry of water that eventually discharges to streams. 
Base flow of streams in mountainous terrain is 
derived by drainage from saturated alluvium in 
valley bottoms and from drainage of bedrock frac-
tures. Mixing of  these chemically different water 
types results in geochemical reactions that affect 
the chemistry of water in streams. During down-
stream transport in the channel, stream water mixes 
with ground water in the hyporheic zone. In some 
mountain streams, the volume of water in the 
hyporheic zone is considerably larger than that in 
the stream channel. Chemical reactions in 
hyporheic zones can, in some cases, substantially 
alter the water chemistry of streams (Figure 19).



recharge from losing streams remains a highly 
uncertain part of the water balance of aquifers 
in these regions. Promising new methods of 
estimating ground-water recharge, at least locally, 
along mountain fronts are being developed—these 
methods include use of environmental tracers, 
measuring vertical temperature profiles in stream-
beds, measuring hydraulic characteristics of 
streambeds, and measuring the difference in 
hydraulic head between the stream and the 
underlying aquifer.



The most common natural lakes in moun-
tainous terrain are those that are dammed by rock 
sills or glacial deposits high in the mountains. 
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H
Field Studies of Mountainous Terrain
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The steep slopes and rocky characteristics of moun-
tainous terrain make it difficult to determine interactions of 
ground water and surface water. Consequently, few detailed 
hydrogeologic investigations of these interactions have 
been conducted in mountainous areas. Two examples are 
given below.



A field and modeling study of the Mirror Lake area 
in the White Mountains of New Hampshire indicated that 
the sizes of ground-water flow systems contributing to surface-
water bodies were considerably larger than their 
topographically defined watersheds. For example, much of the 
ground water in the fractured bedrock that discharges to 
Mirror Lake passes beneath the local flow system associated 
with Norris Brook (Figure H–1). Furthermore, a more exten-
sive deep ground-water flow system that discharges to the 
Pemigewasset River passes beneath flow systems associated 
with both Norris Brook and Mirror Lake.



Studies in mountainous terrain have used tracers to 
determine sources of ground water to streams (see Box G). In 
addition to revealing processes of water exchange between 
ground water and stream water, solute tracers have proven 
useful for defining the limits of the hyporheic zone surrounding 
mountain streams. For example, solute tracers such as chlo-
ride or bromide ions are injected into the stream to artificially 
raise concentrations above natural background concentra-
tions. The locations and amounts of ground-water inflow are 
determined from a simple dilution model. The extent that 
tracers move into the hyporheic zone can be estimated by the 
models and commonly is verified by sampling wells placed in 
the study area.



Saint Kevin Gulch,
Colorado



Chalk Creek, Colorado Mirror Lake,
New Hampshire



Figure H–1.  Ground-water flow 
systems in the Mirror Lake area extend 
beyond the topographically defined 
surface-water watersheds. (Modified 
from Harte, P.T., and Winter, T.C., 
1996, Factors affecting recharge to 
crystalline rock in the Mirror Lake area, 
Grafton County, New Hampshire: in 
Morganwalp, D.W., and Aronson, D.A., 
eds., U.S. Geological Survey Toxic 
Substances Hydrology Program— 
Proceedings of Technical Meeting, 
Colorado Springs, Colorado, 
September 20–24, 1993: U.S. Geolog-
ical Survey Water-Resources Investiga-
tions Report 94–4014, p. 141–150.)
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A study in Colorado indicated that hyporheic exchange 
in mountain streams is caused to a large extent by the irreg-
ular topography of the streambed, which creates pools and 
riffles characteristic of mountain streams. Ground water enters 
streams most readily at the upstream end of deep pools, 
and stream water flows into the subsurface beneath and to the 
side of steep sections of streams (riffles) (Figure H–2). 
Channel irregularity, therefore, is an important control on the 
location of ground-water inflow to streams and on the size of 
the hyporheic zone in mountain streams because changes in 
slope determine the length and depth of hyporheic flow paths.
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Figure H–2.  In mountain streams characterized 
by pools and riffles, such as at Saint Kevin Gulch 
in Colorado, inflow of water from the hyporheic 
zone to the stream was greatest at the downstream 
end of riffles. (Modified from Harvey, J.W., and 
Bencala, K.E., 1993, The effect of streambed 
topography on surface-subsurface water exchange 
in mountain catchments: Water Resources 
Research, v. 29, p. 89–98.)



The source and fate of metal contaminants in streams 
receiving drainage from abandoned mines can be determined 
by using solute tracers. In addition to surface drainage from 
mines, a recent study of Chalk Creek in Colorado indicated 
that contaminants were being brought to the stream by 
ground-water inflow. The ground water had been contami-
nated from mining activities in the past and is now a new 
source of contamination to the stream. This nonpoint ground-
water source of contamination will very likely be much more 
difficult to clean up than the point source of contamination 
from the mine tunnel.
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RIVERINE TERRAIN



In some landscapes, stream valleys are small 
and they commonly do not have well-developed 
flood plains (area R of the conceptual landscape, 
Figure 2) (see Box I). However, major rivers 
(area V of the reference landscape, Figure 2) have 
valleys that usually become increasingly wider 
downstream. Terraces, natural levees, and aban-
doned river meanders are common landscape 
features in major river valleys, and wetlands and 
lakes commonly are associated with these features.



The interaction of ground water and surface 
water in river valleys is affected by the interchange 
of local and regional ground-water flow systems 
with the rivers and by flooding and evapotranspira-
tion. Small streams receive ground-water inflow 
primarily from local flow systems, which usually 
have limited extent and are highly variable season-
ally. Therefore, it is not unusual for small streams 
to have gaining or losing reaches that change 
seasonally.



For larger rivers that flow in alluvial valleys, 
the interaction of ground water and surface water 
usually is more spatially diverse than it is for 
smaller streams. Ground water from regional flow 
systems discharges to the river as well as at various 
places across the flood plain (Figure 22).  
If terraces are present in the alluvial valley, local 
ground-water flow systems may be associated with 
each terrace, and lakes and wetlands may 
be formed because of this source of ground 
water. At some locations, such as at the valley 
wall and at the river, local and regional ground-
water flow systems may discharge in close 
proximity. Furthermore, in large alluvial valleys, 
significant down-valley components of flow in the 
streambed and in the shallow alluvium also may be 
present (see Box I).
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Added to this distribution of ground-water 
discharge from different flow systems to different 
parts of the valley is the effect of flooding. At times 
of high river flows, water moves into the ground-
water system as bank storage (Figure 11). The 
flow paths can be as lateral flow through the river-
bank (Figure 12B) or, during flooding, as vertical 
seepage over the flood plain (Figure 12C). As flood 
waters rise, they cause bank storage to move into 
higher and higher terraces.



The water table generally is not far below the 
land surface in alluvial valleys. Therefore, vegeta-
tion on flood plains, as well as at the base of some 
terraces, commonly has root systems deep enough 
so that the plants can transpire water directly from 
ground water. Because of the relatively stable 
source of ground water, particularly in areas of 
ground-water discharge, the vegetation can tran-
spire water near the maximum potential transpira-
tion rate, resulting in the same effect as if the water 
were being pumped by a well (see Figure 7). This 
large loss of water can result in drawdown of the 
water table such that the plants intercept some of 
the water that would otherwise flow to the river, 
wetland, or lake. Furthermore, in some settings it is 
not uncommon during the growing season for the 
pumping effect of transpiration to be significant 
enough that surface water moves into the subsur-
face to replenish the transpired ground water.



Riverine alluvial deposits range in size from 
clay to boulders, but in many alluvial valleys, sand 
and gravel are the predominant deposits. Chemical 
reactions involving dissolution or precipitation of 
minerals (see Box D) commonly do not have a 
significant effect on water chemistry in sand and 
gravel alluvial aquifers because the rate of water 
movement is relatively fast compared to weath-
ering rates. Instead, sorption and desorption reac-
tions and oxidation/reduction reactions related to 
the activity of microorganisms probably have a 
greater effect on water chemistry in these systems. 
As in small streams, biogeochemical processes in 
the hyporheic zone may have a significant effect on 
the chemistry of ground water and surface water in 
larger riverine systems. Movement of oxygen-rich 
surface water into the subsurface, where chemi-
cally reactive sediment coatings are abundant, 
causes increased chemical reactions related to 
activity of microorganisms. Sharp gradients in 
concentration of some chemical constituents in 
water, which delimit this zone of increased 
biogeochemical activity, are common near the 
boundary between ground water and surface water. 
In addition, chemical reactions in the hyporheic 
zone can cause precipitation of some reactive 
solutes and contaminants, thereby affecting water 
quality.



Water table



Direction of local flow



Regional upland



RIVERINE VALLEY
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Flood levels



Figure 22.  In broad river valleys, small 
local ground-water flow systems associ-
ated with terraces overlie more regional 
ground-water flow systems. Recharge 
from flood waters superimposed on these 
ground-water flow systems further 
complicates the hydrology of river 
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I
Field Studies of Riverine Terrain



Streams are present in virtually all landscapes, and 
in some landscapes, they are the principal surface-water 
features. The interaction of ground water with streams varies 
in complexity because they vary in size from small streams 
near headwaters areas to large rivers flowing in large alluvial 
valleys, and also because streams intersect ground-water flow 
systems of greatly different scales. Examples of the interac-
tion of ground water and surface water for small and large 
riverine systems are presented below.



The Straight River, which runs through a sand plain in 
central Minnesota, is typical of a small stream that does not 
have a flood plain and that derives most of its water from 
ground-water inflow. The water-table contours near the river 
bend sharply upstream (Figure I–1), indicating that ground 
water moves directly into the river. It is estimated from base-
flow studies (see Box B) that, on an annual basis, ground 
water accounts for more than 90 percent of the water in 
the river.



In contrast, the results of a study of the lower Missouri 
River Valley indicate the complexity of ground-water flow and 
its interaction with streams in large alluvial valleys. Configura-
tion of the water table in this area indicates that ground water 
flows into the river at right angles in some reaches, and it 
flows parallel to the river in others (Figure I–2A). This study 
also resulted in a map that showed patterns of water-table 
fluctuations with respect to proximity to the river (Figure I–2B).  
This example shows the wide variety of ground-water flow 
conditions that can be present in large alluvial valleys.



Another study of part of a large alluvial valley provides 
an example of the presence of smaller scale flow conditions. 
The Cache River is a stream within the alluvial valley of the 
Mississippi River Delta system in eastern Arkansas. In a study 
of the Black Swamp, which lies along a reach of the river, 
a number of wells and piezometers were installed to deter-
mine the interaction of ground water with the swamp and the 
river. By measuring hydraulic head at different depths in the 
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Figure I–1.  Small streams, such as the Straight River in 
Minnesota, commonly do not have flood plains. The flow of 
ground water directly into the river is indicated by the water-
table contours that bend sharply upstream. (Modified from 
Stark, J.R., Armstrong, D.S., and Zwilling, D.R., 1994, 
Stream-aquifer interactions in the Straight River area, 
Becker and Hubbard Counties, Minnesota: U.S. Geological 
Survey Water-Resources Investigations Report 94–4009, 
83 p.)
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alluvium, it was possible to construct a hydrologic section 
through the alluvium (Figure I–3), showing that the river 
receives ground-water discharge from both local and regional 
ground-water flow systems. In addition, the section also 
shows the effect of the break in slope associated with the 
terrace at the edge of the swamp, which causes ground water 
from a local flow system to discharge into the edge of the 
swamp rather than to the river.
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Figure I–2.  In flood plains of large rivers, such as the 
Missouri River near Glasgow, Missouri, patterns of ground-
water movement (A) and water-table fluctuations (B) can be 
complex. Zone I is an area of rapidly fluctuating water levels, 
zone II is an area of long-term stability, zone III is an area of 
down-valley flow, and zone IV is a persistent ground-water 
high. (Modified from Grannemann, N.G., and Sharp, J.M., Jr., 
1979, Alluvial hydrogeology of the lower Missouri River: 
Journal of Hydrology, v. 40, p. 85–99.) (Reprinted with 
permission from Elsevier Science-NL, Amsterdam, The 
Netherlands.)
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Figure I–3.  The Cache River in Arkansas provides an 
example of contributions to a river from regional and local 
ground-water flow systems. In addition, a small local ground-
water flow system associated with a terrace discharges to 
the wetland at the edge of the flood plain. (Modified from 
Gonthier, G.J., 1996, Ground-water flow conditions within a 
bottomland hardwood wetland, eastern Arkansas: Wetlands, 
v. 16, no. 3, p. 334–346.) (Used with permission.)
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COASTAL TERRAIN



Coastal terrain, such as that along the east-
central and southern coasts of the United States, 
extends from inland scarps and terraces to the 
ocean (area C of the conceptual landscape, 
Figure 2). This terrain is characterized by 
(1) low scarps and terraces that were formed when 
the ocean was higher than at present; (2) streams, 
estuaries, and lagoons that are affected by tides; 
(3) ponds that are commonly associated with 
coastal sand dunes; and (4) barrier islands.  
Wetlands cover extensive areas in some coastal 
terrains (see Figure 18).



The interaction of ground water and surface 
water in coastal terrain is affected by discharge 
of ground water from regional flow systems and 
from local flow systems associated with scarps and 
terraces (Figure 23), evapotranspiration, and tidal 
flooding. The local flow systems associated with 
scarps and terraces are caused by the configuration 
of the water table near these features (see Box J). 
Where the water table has a downward break in 
slope near the top of scarps and terraces, downward 
components of ground-water flow are present; 
where the water table has an upward break in slope 
near the base of these features, upward components 
of ground-water flow are present.



Evapotranspiration directly from ground 
water is widespread in coastal terrain. The land 
surface is flat and the water table generally is close 
to land surface; therefore, many plants have root 
systems deep enough to transpire ground water at 
nearly the maximum potential rate. The result is 
that evapotranspiration causes a significant water 
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Ocean



Terrace



Water
table



Terrace



Direction of regional flow
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COASTAL TERRAIN



Figure 23.  In coastal terrain, small local ground-water 
flow cells associated with terraces overlie more 
regional ground-water flow systems. In the tidal zone, 
saline and brackish surface water mixes with fresh 
ground water from local and regional flow systems.
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loss, which affects the configuration of ground-
water flow systems as well as how ground water 
interacts with surface water.



In the parts of coastal landscapes that 
are affected by tidal flooding, the interaction of 
ground water and surface water is similar to that in 
alluvial valleys affected by flooding. The principal 
difference between the two is that tidal flooding is 
more predictable in both timing and magnitude 
than river flooding. The other significant difference 
is in water chemistry. The water that moves into 
bank storage from rivers is generally fresh, but the 
water that moves into bank storage from tides 
generally is brackish or saline.



Estuaries are a highly dynamic interface 
between the continents and the ocean, where 
discharge of freshwater from large rivers mixes 
with saline water from the ocean. In addition, 
ground water discharges to estuaries and the ocean, 
delivering nutrients and contaminants directly to 
coastal waters. However, few estimates of the loca-
tion and magnitude of ground-water discharge to 
coasts have been made.



In some estuaries, sulfate-rich regional 
ground water mixes with carbonate-rich local 
ground water and with chloride-rich seawater, 
creating sharp boundaries that separate plant 
and wildlife communities. Biological communi-
ties associated with these sharp boundaries are 
adapted to different hydrochemical conditions, and 
they undergo periodic stresses that result from 
inputs of water having different chemistry. The 
balance between river inflow and tides 
causes estuaries to retain much of the particulate 
and dissolved matter that is transported in surface 
and subsurface flows, including contaminants.



“Ground water discharges to estuaries 
and the ocean, delivering nutrients and 
contaminants directly to coastal waters”
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J
Field Studies of Coastal Terrain



Along the Atlantic, Gulf of Mexico, and Arctic Coasts 
of the United States, broad coastal plains are transected by 
streams, scarps, and terraces. In some parts of these regions, 
local ground-water flow systems are associated with scarps 
and terraces, and freshwater wetlands commonly are present. 
Other parts of coastal regions are affected by tides, resulting 
in very complex flow and biogeochemical processes.



Underlying the broad coastal plain of the mid-Atlantic 
United States are sediments 600 or more feet thick. The 
sands and clays were deposited in stratigraphic layers that 
slope gently from west to east. Ground water moves regionally 
toward the east in the more permeable sand layers. These 
aquifers are separated by discontinuous layers of clay that 
restrict vertical ground-water movement. Near land surface, 
local ground-water flow systems are associated with changes 
in land slope, such as at major scarps and at streams.



Studies of the Dismal Swamp in Virginia and North 
Carolina provide examples of the interaction of ground water 
and wetlands near a coastal scarp. The Suffolk Scarp borders 
the west side of Great Dismal Swamp. Water-table wells and 
deeper piezometers placed across the scarp indicated a 
downward component of ground-water flow in the upland and 
an upward component of ground-water flow in the lowland 
at the edge of the swamp (Figure J–1A). However, at the 
edge of the swamp the direction of flow changed several times 
between May and October in 1982 because transpiration of 
ground water lowered the water table below the water level of 
the deep piezometer (Figure J–1B).



Great Dismal Swamp, Virginia



Rhode River, Maryland



Figure J–1.  Ground-water discharge at the edge of the 
Great Dismal Swamp in Virginia provides an example of 
local ground-water flow systems associated with coastal 
scarps (A). The vertical components of flow can change 
direction seasonally, partly because evapotranspiration 
discharges shallower ground water during part of the 
year (B). (Modified from Carter, Virginia, 1990, The Great 
Dismal Swamp—An illustrated case study, chapter 8, 
in Lugo, A.E., Brinson, Mark, and Brown, Sandra, eds., 
Ecosystems of the world, 15: Forested wetlands, Elsevier, 
Amsterdam, p. 201–211.) (Reprinted with permission from 
Elsevier Science-NL, Amsterdam, The Netherlands.)
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The gentle relief and sandy, well-drained soils of 
coastal terrain are ideal for agriculture. Movement of excess 
nutrients to estuaries are a particular problem in coastal areas 
because the slow rate of flushing of coastal bays and estu-
aries can cause them to retain nutrients. At high concentra-
tions, nutrients can cause increased algal production, which 
results in overabundance of organic matter. This, in turn, can 
lead to reduction of dissolved oxygen in surface water to the 
extent that organisms are killed throughout large areas of 
estuaries and coastal bays.



Movement of nutrients from agricultural fields has 
been documented for the Rhode River watershed in Maryland 
(Figure J–2). Application of fertilizer accounts for 69 percent 
of nitrogen and 93 percent of phosphorus input to this water-
shed (Figure J–2B and J–2C). Almost all of the nitrogen 
that is not removed by harvested crops is transported in 
ground water and is taken up by trees in riparian forests 
and wetlands or is denitrified to nitrogen gas in ground water 
before it reaches streams. On the other hand, most of the 
phosphorus not removed by harvested crops is attached to 
soil particles and is transported only during heavy precipita-
tion when sediment from fields is transported into streams and 
deposited in wetlands and subtidal mudflats at the head of the 
Rhode River estuary. Whether phosphorus is retained in sedi-
ments or is released to the water column depends in part on 
whether sediments are exposed to oxygen. Thus, the uptake 
of nutrients and their storage in riparian forests, wetlands, and 
subtidal mudflats in the Rhode River watershed has helped 
maintain relatively good water quality in the Rhode River 
estuary.



In other areas, however, agricultural runoff and input 
of nutrients have overwhelmed coastal systems, such as in 
the northern Gulf of Mexico near the mouth of the Mississippi 
River. The 1993 flood in the Mississippi River system deliv-
ered an enormous amount of nutrients to the Gulf of Mexico. 
Following the flood, oxygen-deficient sediments created areas 
of black sediment devoid of animal life in parts of the northern 
Gulf of Mexico.
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Figure J–2.  Forests and wetlands separate cropland from 
streams in the Rhode River watershed in Maryland (A). More 
than half of the nitrogen applied to cropland is transported by 
ground water toward riparian forests and wetlands (B). More 
than half of the total phosphorus applied to cropland is trans-
ported by streams to wetlands and mudflats, where most is 
deposited in sediments (C). (Modified from Correll, D.L., 
Jordan, T.E., and Weller, D.E., 1992, Nutrient flux in a 
landscape—Effects of coastal land use and terrestrial commu-
nity mosaic on nutrient transport to coastal waters: Estuaries, 
v. 15, no. 4, p. 431–442.) (Reprinted by permission of the 
Estuarine Research Federation.)
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GLACIAL AND DUNE TERRAIN



Glacial and dune terrain (area G of the 
conceptual landscape, Figure 2) is characterized 
by a landscape of hills and depressions. Although 
stream networks drain parts of these landscapes, 
many areas of glacial and dune terrain do not 
contribute runoff to an integrated surface drainage 
network. Instead, surface runoff from precipitation 
falling on the landscape accumulates in the depres-
sions, commonly resulting in the presence of lakes 
and wetlands. Because of the lack of stream 
outlets, the water balance of these “closed” types of 
lakes and wetlands is controlled largely by 
exchange of water with the atmosphere (precipita-
tion and evapotranspiration) and with ground water 
(see Box K).



Lakes and wetlands in glacial and dune 
terrain can have inflow from ground water, outflow 
to ground water, or both (Figure 16). 
The interaction between lakes and wetlands and 
ground water is determined to a large extent by 
their position with respect to local and regional 
ground-water flow systems. A common conception 
is that lakes and wetlands that are present in topo-
graphically high areas recharge ground water, and 
that lakes and wetlands that are present in 
low areas receive discharge from ground water. 
However, lakes and wetlands underlain by deposits 
having low permeability can receive discharge 
from local ground-water flow systems even if they 
are located in a regional ground-water recharge 
area. Conversely, they can lose water to local 
ground-water flow systems even if they are located 
in a regional ground-water discharge area (Figure 
24).



Figure 24.  In glacial and dune terrain, 
local, intermediate, and regional ground-
water flow systems interact with lakes 
and wetlands. It is not uncommon for 
wetlands that recharge local ground-
water flow systems to be present in 
lowlands and for wetlands that receive 
discharge from local ground water to be 
present in uplands.
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Lakes and wetlands in glacial and dune 
terrain underlain by highly permeable deposits 
commonly have ground-water seepage into one 
side and seepage to ground water on the other side. 
This relation is relatively stable because the water-
table gradient between surface-water bodies in this 
type of setting is relatively constant.  However, the 
boundary between inflow to the lake or wetland 
and outflow from it, termed the hinge line, can 
move up and down along the shoreline. Movement 
of the hinge line between inflow and outflow is a 
result of the changing slope of the water table in 
response to changes in ground-water recharge in 
the adjacent uplands.



Transpiration directly from ground water has 
a significant effect on the interaction of lakes and 
wetlands with ground water in glacial and dune 
terrain. Transpiration from ground water (Figure 7) 
has perhaps a greater effect on lakes and wetlands 
underlain by low-permeability deposits than in any 
other landscape. The lateral movement of ground 
water in low-permeability deposits may not be fast 
enough to supply the quantity of water at the rate it 
is removed by transpiration, resulting in deep and 
steep-sided cones of depression. These cones of 
depression commonly are present around the 
perimeter of the lakes and wetlands (Figure 7 and 
Box K).



In the north-central United States, cycles in 
the balance between precipitation and evapotrans-
piration that range from 5 to 30 years can result in 
large changes in water levels, chemical concentra-
tions, and major-ion water type of individual 
wetlands. In some settings, repeated cycling of 
water between the surface and subsurface in the 
same locale results in evaporative concentration 
of solutes and eventually in mineral precipitation in 
the subsurface. In addition, these dynamic hydro-
logical and chemical conditions can cause signifi-
cant changes in the types, number, and distribution 
of wetland plants and invertebrate animals within 
wetlands. These changing hydrological conditions 
that range from seasons to decades are an essential 
process for rejuvenating wetlands that provide 
ideal habitat and feeding conditions for migratory 
waterfowl.



“The hydrological and chemical 
characteristics of lakes and wetlands 



in glacial and dune terrain are 
determined to a large extent by their 



position with respect to local and 
regional ground-water flow systems”
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K
Field Studies of Glacial and Dune Terrain



Glacial terrain and dune terrain are characterized by 
land-surface depressions, many of which contain lakes and 
wetlands. Although much of the glacial terrain covering the 
north-central United States (see index map) has low topo-
graphic relief, neighboring lakes and wetlands are present at a 
sufficiently wide range of altitudes to result in many variations 
in how they interact with ground water, as evidenced by the 
following examples.



The Cottonwood Lake area, near Jamestown, North 
Dakota, is within the prairie-pothole region of North America. 
The hydrologic functions of these small depressional wetlands 
are highly variable in space and time. With respect to spatial 



variation, some wetlands recharge ground water, some 
receive ground-water inflow and have outflow to ground water, 
and some receive ground-water discharge. Wetland P1 
provides an example of how their functions can vary in time. 
The wetland receives ground-water discharge most of the 
time; however, transpiration of ground water by plants 
around the perimeter of the wetland can cause water to 
seep from the wetland. Seepage from wetlands commonly 
is assumed to be ground-water recharge, but in cases like 
Wetland P1, the water is actually lost to transpiration. This 
process results in depressions in the water table around 
the perimeter of the wetland at certain times, as shown in 
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Figure K–1.  Transpiration directly from ground water causes cones of depression to form by late summer around the 
perimeter of prairie pothole Wetland P1 in the Cottonwood Lake area in North Dakota. (Modified from Winter, T.C., and 
Rosenberry, D.O., 1995, The interaction of ground water with prairie pothole wetlands in the Cottonwood Lake area, east-
central North Dakota, 1979–1990: Wetlands, v. 15, no. 3, p. 193–211.) (Used with permission.)
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Figure K–1. Transpiration-induced depressions in the water 
table commonly are filled in by recharge during the following 
spring, but then form again to some extent by late summer 
nearly every year.



Nevins Lake, a closed lake in the Upper Peninsula of 
Michigan, illustrates yet another type of interaction of lakes 
with ground water in glacial terrain. Water-chemistry studies 
of Nevins Lake indicated that solutes such as calcium provide 
an indicator of ground-water inflow to the lake. Immediately 
following spring snowmelt, the mass of dissolved calcium in 
the lake increased rapidly because of increased ground-water 
inflow. Calcium then decreased steadily throughout the 
summer and early fall as the lake received less ground-water 
inflow (Figure K–2). This pattern varied annually depending 
on the amount of ground-water recharge from snowmelt and 
spring rains. The chemistry of water in the pores of the lake 
sediments was used to determine the spatial variability in 
the direction of seepage on the side of the lake that had the 
most ground-water inflow. Seepage was always out of the lake 
at the sampling site farthest from shore and was always 
upward into the lake at the site nearest to shore. Flow rever-
sals were documented at sites located at intermediate 
distances from shore.



Dune terrain also commonly contains lakes and 
wetlands. Much of the central part of western Nebraska, 
for example, is covered by sand dunes that have lakes and 
wetlands in most of the lowlands between the dunes. Studies 
of the interaction of lakes and wetlands with ground water at 
the Crescent Lake National Wildlife Refuge indicate that most 
of these lakes have seepage inflow from ground water and 
seepage outflow to ground water. The chemistry of inflowing 
ground water commonly has an effect on lake water chemistry. 
However, the chemistry of lake water can also affect ground 
water in areas of seepage from lakes. In the Crescent Lake 
area, for example, plumes of lake water were detected in 
ground water downgradient from the lakes, as indicated by the 
plume of dissolved organic carbon downgradient from 
Roundup Lake and Island Lake (Figure K–3).
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Figure K–2.  A large input of ground water during spring 
supplies the annual input of calcium to Nevins Lake in the 
Upper Peninsula of Michigan. (Modified from Krabbenhoft, 
D.P., and Webster, K.E., 1995, Transient hydrogeological 
controls on the chemistry of a seepage lake: Water 
Resources Research, v. 31, no. 9, p. 2295–2305.)
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Figure K–3.  Seepage from lakes in the sandhills of Nebraska 
causes plumes of dissolved organic carbon to be present 
in ground water on the downgradient sides of the lakes. 
(Modified from LaBaugh, J.W., 1986, Limnological character-
istics of selected lakes in the Nebraska sandhills, U.S.A., 
and their relation to chemical characteristics of adjacent 
ground water: Journal of Hydrology, v. 86, p. 279–298.) 
(Reprinted with permission of Elsevier Science-NL, 
Amsterdam, The Netherlands.)
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KARST TERRAIN



Karst may be broadly defined as all land-
forms that are produced primarily by the dissolu-
tion of rocks, mainly limestone and dolomite. Karst 
terrains (area K of the conceptual landscape, Figure 
2) are characterized by (1) closed surface depres-
sions of various sizes and shapes known as sink-
holes, (2) an underground drainage network that 
consists of solution openings that range in size 
from enlarged cracks in the rock to large caves, and 
(3) highly disrupted surface drainage systems, 
which relate directly to the unique character of the 
underground drainage system.



Dissolution of limestone and dolomite guides 
the initial development of fractures into solution 
holes that are diagnostic of karst terrain.  Perhaps 
nowhere else is the complex interplay between 
hydrology and chemistry so important to changes 
in landform. Limestone and dolomite weather 
quickly, producing calcium and magnesium 
carbonate waters that are relatively high in ionic 
strength. The increasing size of solution holes 
allows higher ground-water flow rates across a 
greater surface area of exposed minerals, which 
stimulates the dissolution process further, eventu-
ally leading to development of caves. Development 
of karst terrain also involves biological processes. 
Microbial production of carbon dioxide in the soil 
affects the carbonate equilibrium of water as it 



recharges ground water, which then affects how 
much mineral dissolution will take place before 
solute equilibrium is reached.



Ground-water recharge is very efficient in 
karst terrain because precipitation readily infiltrates 
through the rock openings that intersect the land 
surface. Water moves at greatly different rates 
through karst aquifers; it moves slowly through 
fine fractures and pores and rapidly through solu-
tion-enlarged fractures and conduits. As a result, 
the water discharging from many springs in karst 
terrain may be a combination of relatively slow-
moving water draining from pores and rapidly 
moving storm-derived water. The slow-moving 
component tends to reflect the chemistry of the 
aquifer materials, and the more rapidly moving 
water associated with recent rainfall tends to reflect 
the chemical characteristics of precipitation and 
surface runoff.



Water movement in karst terrain is especially 
unpredictable because of the many paths ground 
water takes through the maze of fractures and solu-
tion openings in the rock (see Box L). Because of 
the large size of interconnected openings in well-
developed karst systems, karst terrain can have true 
underground streams. These underground streams 
can have high rates of flow, in some places as great 
as rates of flow in surface streams. Furthermore, it 
is not unusual for medium-sized streams to disap-
pear into the rock openings, thereby completely 
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disrupting the surface drainage system, and to 
reappear at the surface at another place. Seeps and 
springs of all sizes are characteristic features of 
karst terrains.  Springs having sufficiently large 
ground-water recharge areas commonly are the 
source of small- to medium-sized streams and 
constitute a large part of tributary flow to larger 



coincide. An extreme example is a stream that 
disappears in one surface-water basin and reap-
pears in another basin. This situation complicates 
the identification of source areas for water and 
associated dissolved constituents, including 
contaminants, in karst terrain.



Water chemistry is widely used for studying 
the hydrology of karst aquifers. Extensive tracer 
studies (see Box G) and field mapping to locate 
points of recharge and discharge have been used to 
estimate the recharge areas of springs, rates of 
ground-water movement, and the water balance of 
aquifers. Variations in parameters such as tempera-
ture, hardness, calcium/magnesium ratios, and 
other chemical characteristics have been used to 
identify areas of ground-water recharge, differen-
tiate rapid- and slow-moving ground-water flow 
paths, and compare springflow characteristics in 
different regions. Rapid transport of contaminants 
within karst aquifers and to springs has been docu-
mented in many locations. Because of the rapid 
movement of water in karst aquifers, water-quality 
problems that might be localized in other aquifer 
systems can become regional problems in karst 
systems.



Some landscapes considered to be karst 
terrain do not have carbonate rocks at the land 
surface. For example, in some areas of the south-
eastern United States, surficial deposits overlie 
carbonate rocks, resulting in a “mantled” karst 
terrain. Lakes and wetlands in mantled karst terrain 
interact with shallow ground water in a manner 
similar to that in sandy glacial and dune terrains. 
The difference between how lakes and wetlands 
interact with ground water in sandy glacial and 
dune terrain and how they interact in the mantled 
karst is related to the buried carbonate rocks. If 
dissolution of the buried carbonate rocks causes 
slumpage of an overlying confining bed, such that 
water can move freely through the confining bed, 
the lakes and wetlands also can be affected by 
changing hydraulic heads in the aquifers under-
lying the confining bed (see Box L).



streams. In addition, the location where the streams 
emerge can change, depending on the spatial distri-
bution of ground-water recharge in relation to indi-
vidual precipitation events. Large spring inflows to 
streams in karst terrain contrast sharply with the 
generally more diffuse ground-water inflow char-
acteristic of streams flowing across sand and gravel 
aquifers.



Because of the complex patterns of surface-
water and ground-water flow in karst terrain, many 
studies have shown that surface-water drainage 
divides and ground-water drainage divides do not 
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L
Field Studies of Karst Terrain



Karst terrain is characteristic of regions that are under-
lain by limestone and dolomite bedrock. In many karst areas, 
the carbonate bedrock is present at land surface, but in other 
areas it may be covered by other deposits and is referred to as 
“mantled” karst. The Edwards Aquifer in south-central Texas is 
an example of karst terrain where the limestones 
and dolomites are exposed at land surface (Figure L–1). In 
this outcrop area, numerous solution cavities along vertical 
joints and sinkholes provide an efficient link between the land 
surface and the water table. Precipitation on the outcrop area 
tends to infiltrate rapidly into the ground, recharging ground 
water. In addition, a considerable amount of recharge to the 
aquifer is provided by losing streams that cross the outcrop 
area. Even the largest streams that originate to the north are 
dry in the outcrop area for most of the year. The unusual 
highway signs in this area go beyond local pride in a prolific 
water supply—they reflect a clear understanding of how 
vulnerable this water supply is to contamination by human 
activities at the land surface.



Just as solution cavities are major avenues for ground-
water recharge, they also are focal points for ground-water 
discharge from karst aquifers. For example, springs near the 
margin of the Edwards Aquifer provide a continuous source of 
water for streams to the south.



An example of mantled karst can be found in north-
central Florida, a region that has many sinkhole lakes. In this 
region, unconsolidated deposits overlie the highly soluble 
limestone of the Upper Floridan aquifer. Most land-surface 
depressions containing lakes in Florida are formed when 
unconsolidated surficial deposits slump into sinkholes that 
form in the underlying limestone. Thus, although the lakes are 
not situated directly in limestone, the sinkholes in the bedrock 
underlying lakes commonly have a significant effect on the 
hydrology of the lakes.
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Figure L–1.  A large area of karst terrain is associated with the 
Edwards Aquifer in south-central Texas. Large streams lose a 
considerable amount of water to ground water as they 
traverse the outcrop area of the Edwards Aquifer. (Modified 
from Brown, D.S., and Patton, J.T., 1995, Recharge to 
and discharge from the Edwards Aquifer in the San Antonio 
area, Texas, 1995: U.S. Geological Survey Open-File 
Report 96–181, 2 p.)



Edwards Aquifer,
Texas Lake Barco, Florida



Lake Barco is one of numerous lakes occupying 
depressions in northern Florida. Results of a study of the 
interaction of Lake Barco with ground water indicated that 
shallow ground water flows into the northern and northeastern 
parts of the lake, and lake water seeps out to shallow ground 
water in the western and southern parts (Figure L–2A). In 
addition, ground-water flow is downward beneath most of 
Lake Barco (Figure L–2B).



The studies of lake and ground-water chemistry 
included the use of tritium, chlorofluorocarbons (CFCs), and 
isotopes of oxygen (see Box G). The results indicated signifi-
cant differences in the chemistry of (1) shallow ground water 
flowing into Lake Barco, (2) Lake Barco water, (3) shallow 
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ground water downgradient from Lake Barco, and (4) deeper 
ground water beneath Lake Barco. Oxygen-rich lake water 
moving through the organic-rich lake sediments is reduced, 
resulting in discharge of oxygen-depleted water into the 
ground water beneath Lake Barco. This downward-moving 
ground water may have an undesired effect on the chemical 
quality of ground water in the underlying Upper Floridan 
aquifer, which is the principal source of water supply for the 
region. The patterns of ground-water movement determined 
from hydraulic-head data were corroborated by chemical 
tracers. For example, the dates that ground water in different 
parts of the flow system was recharged, as determined from 
CFC dating, show a fairly consistent increase in the length of 
time since recharge with depth (Figure L–2C).



Figure L–2.  Lake Barco, in northern Florida, is a flow-through 
lake with respect to ground water (A and B). The dates that 
ground water in different parts of the ground-water system 
was recharged indicate how long it takes water to move from 
the lake or water table to a given depth (C). (Modified from 
Katz, B.G., Lee, T.M., Plummer, L.N., and Busenberg, E., 
1995, Chemical evolution of groundwater near a sinkhole 
lake, northern Florida, 1. Flow patterns, age of groundwater, 
and influence of lake water leakage: Water Resources 
Research, v. 31, no. 6, p. 1549–1564.) VERTICAL SCALE GREATLY EXAGGERATED
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Human activities commonly affect the distri-
bution, quantity, and chemical quality of water 
resources. The range in human activities that affect 
the interaction of ground water and surface water is 
broad. The following discussion does not provide 
an exhaustive survey of all human effects but 
emphasizes those that are relatively widespread. To 
provide an indication of the extent to which 
humans affect the water resources of virtually all 
landscapes, some of the most relevant structures 
and features related to human activities are super-
imposed on various parts of the conceptual land-
scape (Figure 25).



The effects of human activities on the quan-
tity and quality of water resources are felt over 
a wide range of space and time scales. In the 
following discussion, “short term” implies time 
scales from hours to a few weeks or months, and 
“long term” may range from years to decades. 
“Local scale” implies distances from a few 
feet to a few thousand feet and areas as large as a 
few square miles, and “subregional and regional 
scales” range from tens to thousands of square 
miles. The terms point source and nonpoint source 
with respect to discussions of contamination are 
used often; therefore, a brief discussion of the 
meaning of these terms is presented in Box M.



EFFECTS OF HUMAN ACTIVITIES 
ON THE INTERACTION OF 



GROUND WATER AND SURFACE WATER



Agricultural Development
Agriculture has been the cause of significant 



modification of landscapes throughout the world.  
Tillage of land changes the infiltration and runoff 
characteristics of the land surface, which affects 
recharge to ground water, delivery of water and 
sediment to surface-water bodies, and evapotrans-
piration. All of these processes either directly or 
indirectly affect the interaction of ground water and 
surface water. Agriculturalists are aware of the 



substantial negative effects of agriculture on water 
resources and have developed methods to alleviate 
some of these effects. For example, tillage prac-
tices have been modified to maximize retention of 
water in soils and to minimize erosion of soil from 
the land into surface-water bodies. Two activities 
related to agriculture that are particularly relevant 
to the interaction of ground water and surface 
water are irrigation and application of chemicals to 
cropland.
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Figure 25.  Human activities and structures, as depicted 
by the distribution of various examples in the concep-
tual landscape, affect the interaction of ground water 
and surface water in all types of landscapes.
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M
Point and Nonpoint



Sources of Contaminants



Contaminants may be present in water or in air as 
a result of natural processes or through mechanisms of 
displacement and dispersal related to human activities. 
Contaminants from point sources discharge either into ground 
water or surface water through an area that is small relative to 
the area or volume of the receiving water body. Examples of 
point sources include discharge from sewage-treatment 
plants, leakage from gasoline storage tanks, and seepage 
from landfills (Figure M–1).



Nonpoint sources of contaminants introduce 
contaminants to the environment across areas that are 
large compared to point sources, or nonpoint sources may 
consist of multiple, closely spaced point sources. A nonpoint 
source of contamination that can be present anywhere, and 
affect large areas, is deposition from the atmosphere, both 
by precipitation (wet deposition) or by dry fallout (dry deposi-
tion). Agricultural fields, in aggregate, represent large areas 
through which fertilizers and pesticides can be released to the 
environment.



The differentiation between point and nonpoint sources 
of contamination is arbitrary to some extent and may depend 
in part on the scale at which a problem is considered. For 
example, emissions from a single smokestack is a point 
source, but these emissions may be meaningless in a regional 
analysis of air pollution. However, a fairly even distribution of 
tens or hundreds of smokestacks might be considered as a 
nonpoint source. As another example, houses in suburban 
areas that do not have a combined sewer system have indi-
vidual septic tanks. At the local scale, each septic tank may 
be considered as point source of contamination to shallow 
ground water. At the regional scale, however, the combined 
contamination of ground water from all the septic tanks in 
a suburban area may be considered a nonpoint source of 
contamination to a surface-water body.



Waste site



Contaminant
plume



River



D
irection of



ground-w
ater flow



Figure M–1.  The transport of contamination from a point 
source by ground water can cause contamination of surface 
water, as well as extensive contamination of ground water.
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IRRIGATION SYSTEMS



Surface-water irrigation systems represent 
some of the largest integrated engineering works 
undertaken by humans. The number of these 
systems greatly increased in the western United 
States in the late 1840s. In addition to dams on 
streams, surface-water irrigation systems include 
(1) a complex network of canals of varying size 
and carrying capacity that transport water, in many 
cases for a considerable distance, from a surface-
water source to individual fields, and (2) a drainage 
system to carry away water not used by plants that 
may be as extensive and complex as the supply 
system. The drainage system may include under-
ground tile drains. Many irrigation systems that 
initially used only surface water now also use 
ground water. The pumped ground water 
commonly is used directly as irrigation water, but 
in some cases the water is distributed through the 
system of canals.



Average quantities of applied water range 
from several inches to 20 or more inches of water 
per year, depending on local conditions, over the 



entire area of crops. In many irrigated areas, about 
75 to 85 percent of the applied water is lost to 
evapotranspiration and retained in the crops 
(referred to as consumptive use). The remainder of 
the water either infiltrates through the soil zone to 
recharge ground water or it returns to a local 
surface-water body through the drainage system 
(referred to as irrigation return flow). The quantity 
of irrigation water that recharges ground water 
usually is large relative to recharge from precipita-
tion because large irrigation systems commonly are 
in regions of low precipitation and low natural 
recharge. As a result, this large volume of artificial 
recharge can cause the water table to rise (see 
Box N), possibly reaching the land surface 
in some areas and waterlogging the fields. For this 
reason, drainage systems that maintain the level of 
the water table below the root zone of the crops, 
generally 4 to 5 feet below the land surface, are an 
essential component of some irrigation systems. 
The permanent rise in the water table that is main-
tained by continued recharge from irrigation return 
flow commonly results in an increased outflow of 
shallow ground water to surface-water bodies 
downgradient from the irrigated area.
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N
Effects of Irrigation Development



on the Interaction of
Ground Water and Surface Water



Nebraska ranks second among the States with respect 
to the area of irrigated acreage and the quantity of water used 
for irrigation. The irrigation water is derived from extensive 
supply systems that use both surface water and ground water 
(Figure N–1). Hydrologic conditions in different parts of 
Nebraska provide a number of examples of the broad-scale 
effects of irrigation development on the interactions of ground 
water and surface water. As would be expected, irrigation 
systems based on surface water are always located near 
streams. In general, these streams are perennial and (or) 
have significant flow for at least part of the year. In contrast, 
irrigation systems based on ground water can be located 
nearly anywhere that has an adequate ground-water 



resource. Areas of significant rise and decline in ground-water 
levels due to irrigation systems are shown in Figure N–2.  
Ground-water levels rise in some areas irrigated with surface 
water and decline in some areas irrigated with ground water. 
Rises in ground-water levels near streams result in increased 
ground-water inflow to gaining streams or decreased flow from 
the stream to ground water for losing streams. In some areas, 
it is possible that a stream that was losing water before devel-
opment of irrigation could become a gaining stream following 
irrigation. This effect of surface-water irrigation probably 
caused the rises in ground-water levels in areas F and G in 
south-central Nebraska (Figure N–2).
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Surface-water
  irrigation project



EXPLANATION



Figure N–1.  Nebraska is one of the most extensively irrigated States in the Nation. The irrigation water comes from 
both ground-water and surface-water sources. Dots are irrigation wells. (Map provided by the University of Nebraska, 
Conservation and Survey Division.)
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Average annual precipitation ranges from less than 
15 inches in western Nebraska to more than 30 inches in 
eastern Nebraska. A large concentration of irrigation wells is 
present in area E (Figure N–2). The ground-water withdrawals 
by these wells caused declines in ground-water levels that 
could not be offset by recharge from precipitation and the 
presence of nearby flowing streams. In this area, the with-
drawals cause decreases in ground-water discharge to the 
streams and (or) induce flow from the streams to shallow 
ground water. In contrast, the density of irrigation wells in 
areas A, B, and C is less than in area E, but water-level 
declines in these three western areas are similar to area E. 
The similar decline caused by fewer wells in the west 
compared to the east is related to less precipitation, less 
ground-water recharge, and less streamflow available for 
seepage to ground water.
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Figure N–2.  The use of both ground water and surface water for irrigation in Nebraska has resulted in significant rises and 
declines of ground-water levels in different parts of the State. (Map provided by the University of Nebraska, Conservation 
and Survey Division.)
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Although early irrigation systems made use 
of surface water, the development of large-scale 
sprinkler systems in recent decades has greatly 
increased the use of ground water for irrigation for 
several reasons: (1) A system of supply canals is 
not needed, (2) ground water may be more readily 
available than surface water, and (3) many types of 
sprinkler systems can be used on irregular land 
surfaces; the fields do not have to be as flat as 
they do for gravity-flow, surface-water irrigation. 



Whether ground water or surface water was used 
first to irrigate land, it was not long before water 
managers recognized that development of either 
water resource could affect the other. This is partic-
ularly true in many alluvial aquifers in arid regions 
where much of the irrigated land is in valleys.



Significant changes in water quality accom-
pany the movement of water through agricultural 
fields. The water lost to evapotranspiration is rela-
tively pure; therefore, the chemicals that are left 
behind precipitate as salts and accumulate in the 
soil zone. These continue to increase as irrigation 
continues, resulting in the dissolved-solids concen-
tration in the irrigation return flows being signifi-
cantly higher in some areas than that in the original 
irrigation water. To prevent excessive buildup of 
salts in the soil, irrigation water in excess of the 
needs of the crops is required to dissolve and flush 
out the salts and transport them to the ground-water 
system. Where these dissolved solids reach high 
concentrations, the artificial recharge from irriga-
tion return flow can result in degradation of the 
quality of ground water and, ultimately, the surface 
water into which the ground water discharges.



“Whether ground water or surface water was 
used first to irrigate land, it was not 



long before water managers recognized 
that development of either water 
resource could affect the other”
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USE OF AGRICULTURAL 
CHEMICALS



Applications of pesticides and fertilizers 
to cropland can result in significant additions of 
contaminants to water resources. Some pesticides 
are only slightly soluble in water and may attach 
(sorb) to soil particles instead of remaining in solu-
tion; these compounds are less likely to cause 
contamination of ground water. Other pesticides, 
however, are detected in low, but significant, 
concentrations in both ground water and surface 
water. Ammonium, a major component of fertilizer 
and manure, is very soluble in water, and increased 
concentrations of nitrate that result from nitrifica-
tion of ammonium commonly are present in both 
ground water and surface water associated with 
agricultural lands (see Box O). In addition to these 
nonpoint sources of water contamination, point 
sources of contamination are common in agricul-
tural areas where livestock are concentrated in 
small areas, such as feedlots. Whether the initial 
contamination is present in ground water or surface 
water is somewhat immaterial because the close 
interaction of the two sometimes results in both 
being contaminated (see Box P).



“Whether the initial contamination is present 
in ground water or surface water is 



somewhat immaterial because the close 
interaction of the two sometimes results 



in both being contaminated”
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O
Effects of Nitrogen Use on the Quality of



Ground Water and Surface Water
Nitrate contamination of ground water and surface 



water in the United States is widespread because nitrate is 
very mobile in the environment. Nitrate concentrations are 
increasing in much of the Nation’s water, but they are particu-
larly high in ground water in the midcontinent region of the 
United States. Two principal chemical reactions are important 
to the fate of nitrogen in water: (1) fertilizer ammonium can be 
nitrified to form nitrate, which is very mobile as a dissolved 
constituent in shallow ground water, and (2) nitrate can be 
denitrified to produce nitrogen gas in the presence of chemi-
cally reducing conditions if a source of dissolved organic 
carbon is available.



High concentrations of nitrate can contribute to exces-
sive growth of aquatic plants, depletion of oxygen, fishkills, 
and general degradation of aquatic habitats. For example, a 
study of Waquoit Bay in Massachusetts linked the decline in 
eelgrass beds since 1950 to a progressive increase in nitrate 
input due to expansion of domestic septic-field developments 
in the drainage basin (Figure O–1). Loss of eelgrass is a 
concern because this aquatic plant stabilizes sediment and 
provides ideal habitat for juvenile fish and other fauna in 
coastal bays and estuaries. Larger nitrate concentrations 
supported algal growth that caused turbidity and shading, 
which contributed to the decline of eelgrass.



Morgan Creek, Maryland



Waquoit Bay, Massachusetts



Waquoit
Bay



1987197819711951



Eelgrass



Figure O–1.  The areal extent of eelgrass 
in Waquoit Bay, Massachusetts, decreased 
markedly between 1951 and 1987 because 
of increased inputs of nitrogen related to 
domestic septic-field developments. (Modified 
from Valiela, I., Foreman, K., LaMontagne, M., 
Hersh, D., Costa, J., Peckol, P., DeMeo-
Andeson, B., D’Avanzo, C., Babione, M., 
Sham, C.H., Brawley, J., and Lajtha, K., 
1992, Couplings of watersheds and coastal 
waters—Sources and consequences 
of nutrient enrichment in Waquoit Bay, 
Massachusetts: Estuaries, v. 15, no. 4, 
p. 433–457.) (Reprinted by permission of 
the Estuarine Research Federation.)
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Significant denitrification has been found to take 
place at locations where oxygen is absent or present at 
very low concentrations and where suitable electron-donor 
compounds, such as organic carbon, are available. Such 
locations include the interface of aquifers with silt and clay 
confining beds and along riparian zones adjacent to streams. 
For example, in a study on the eastern shore of Maryland, 
nitrogen isotopes and other environmental tracers were used 
to show that the degree of denitrification that took place 
depended on the extent of interaction between ground-water 
and the chemically reducing sediments near or below the 
bottom of the Aquia Formation. Two drainage basins were 
studied: Morgan Creek and Chesterville Branch (Figure O–2).  
Ground-water discharging beneath both streams had similar 
nitrate concentration when recharged. Significant denitrifica-
tion took place in the Morgan Creek basin where a large 
fraction of local ground-water flow passed through the 
reducing sediments, which are present at shallow depths 
(3 to 10 feet) in this area. Evidence for the denitrification 
included decreases in nitrate concentrations along the flow 
path to Morgan Creek and enrichment of the 15N isotope. 
Much less denitrification took place in the Chesterville Branch 
basin because the top of the reducing sediments are deeper 
(10 to 20 feet) in this area and a smaller fraction of ground-
water flow passed through those sediments.
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Figure O–2.  Denitrification had a greater effect on ground water discharging to Morgan Creek than to Chesterville Branch in 
Maryland because a larger fraction of the local flow system discharging to Morgan Creek penetrated the reduced calcareous 
sediments near or below the bottom of the Aquia Formation than the flow system associated with the Chesterville Branch. 
(Modified from Bolke, J.K., and Denver, J.M., 1995, Combined use of ground-water dating, chemical, and isotopic analyses 
to resolve the history and fate of nitrate contamination in two agricultural watersheds, Atlantic coastal plain, Maryland: Water 
Resources Research, v. 31, no. 9, p. 2319–2337.)
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P
Effects of Pesticide Application to



Agricultural Lands on the Quality of
Ground Water and Surface Water



Pesticide contamination of ground water and surface 
water has become a major environmental issue. Recent 
studies indicate that pesticides applied to cropland can 
contaminate the underlying ground water and then move 
along ground-water flow paths to surface water. In addition, 
as indicated by the following examples, movement of these 
pesticides between surface water and ground water can be 
dynamic in response to factors such as bank storage during 
periods of high runoff and ground-water withdrawals.



A study of the sources of atrazine, a widely used 
herbicide detected in the Cedar River and its associated 
alluvial aquifer in Iowa, indicated that ground water was the 
major source of atrazine in the river during base-flow condi-
tions. In addition, during periods of high streamflow, surface 
water containing high concentrations of atrazine moved 
into the bank sediments and alluvial aquifer, then slowly 
discharged back to the river as the river level declined. 
Reversals of flow related to bank storage were documented 
using data for three sampling periods (Figure P–1). The first 
sampling (Figure P–1A) was before atrazine was applied to 
cropland, when concentrations in the river and aquifer were 
relatively low. The second sampling (Figure P–1B) was after 
atrazine was applied to cropland upstream. High streamflow at 
this time caused the river stage to peak almost 6 feet above its 
base-flow level, which caused the herbicide to move with 
the river water into the aquifer. By the third sampling date 
(Figure P–1C), the hydraulic gradient between the river 
and the alluvial aquifer had reversed again, and atrazine-
contaminated water discharged back into the river.
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Figure P–1.  Concentrations of atrazine increased in the 
Cedar River in Iowa following applications of the chemical 
on agricultural areas upstream from a study site. During high 
streamflow (B), the contaminated river water moved into the 
alluvial aquifer as bank storage, contaminating ground water. 
After the river level declined (C), part of the contaminated 
ground water returned to the river. (Modified from Squillace, 
P.J., Thurman, E.M., and Furlong, E.T., 1993, Groundwater 
as a nonpoint source of atrazine and deethylatrazine in a river 
during base flow conditions: Water Resources Research, 
v. 29, no. 6, p. 1719–1729.)
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In a second study, atrazine was detected in ground 
water in the alluvial aquifer along the Platte River near Lincoln, 
Nebraska. Atrazine is not applied in the vicinity of the well 
field, so it was suspected that ground-water withdrawals at the 
well field caused contaminated river water to move into the 
aquifer. To define the source of the atrazine, water samples 
were collected from monitoring wells located at different 
distances from the river near the well field. The pattern of 
concentrations of atrazine in the ground water indicated that 
peak concentrations of the herbicide showed up sooner in 
wells close to the river compared to wells farther away (Figure 
P–2). Peak concentrations of atrazine in ground water were 
much higher and more distinct during periods of large ground-
water withdrawals (July and August) than during periods of 
much smaller withdrawals (May to early June).
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Figure P–2.  Pumping of municipal water-supply wells near 
Lincoln, Nebraska, has induced Platte River water contami-
nated with atrazine to flow into the aquifer. Distances shown 
are from river to monitoring well. (Modified from Duncan, D., 
Pederson, D.T., Shepherd, T.R., and Carr, J.D., 1991, 
Atrazine used as a tracer of induced recharge: Ground 
Water Monitoring Review, v. 11, no. 4, p. 144–150.) (Used 
with permission.)
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Point sources of contamination to surface-
water bodies are an expected side effect of urban 
development. Examples of point sources include 
direct discharges from sewage-treatment plants, 
industrial facilities, and stormwater drains. These 
facilities and structures commonly add sufficient 
loads of a variety of contaminants to streams to 
strongly affect the quality of the stream for long 
distances downstream. Depending on relative flow 
magnitudes of the point source and of the stream, 
discharge from a point source such as a sewage-
treatment plant may represent a large percentage of 
the water in the stream directly downstream from 
the source. Contaminants in streams can easily 
affect ground-water quality, especially where 
streams normally seep to ground water, where 
ground-water withdrawals induce seepage from the 
stream, and where floods cause stream water to 
become bank storage.



Point sources of contamination to ground 
water can include septic tanks, fluid storage tanks, 
landfills, and industrial lagoons. If a contaminant is 
soluble in water and reaches the water table, 
the contaminant will be transported by the slowly 
moving ground water. If the source continues to 
supply the contaminant over a period of time, 
the distribution of the dissolved contaminant 
will take a characteristic “plumelike” shape (see 



Box M). These contaminant plumes commonly 
discharge into a nearby surface-water body. If 
the concentration of contaminant is low and the 
rate of discharge of plume water also is small rela-
tive to the volume of the receiving surface-water 
body, the discharging contaminant plume will have 
only a small, or perhaps unmeasurable, effect on 
the quality of the receiving surface-water body. 
Furthermore, biogeochemical processes 
may decrease the concentration of the contaminant 
as it is transported through the shallow ground-
water system and the hyporheic zone. On the other 
hand, if the discharge of the contaminant plume is 
large or has high concentrations of contaminant, it 
could significantly affect the quality of the 
receiving surface-water body.



Urban and Industrial Development



“Contaminants in streams can easily affect 
ground-water quality, especially where 



streams normally seep to 
ground water, where ground-water 



withdrawals induce seepage from the stream, 
and where floods cause stream water to 



become bank storage”
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In landscapes that are relatively flat, have 
water ponded on the land surface, or have a 
shallow water table, drainage of land is a common 
practice preceding agricultural and urban develop-
ment. Drainage can be accomplished by 
constructing open ditches or by burying tile drains 
beneath the land surface. In some glacial terrain 
underlain by deposits having low permeability, 
drainage of lakes and wetlands can change the 
areal distribution of ground-water recharge and 
discharge, which in turn can result in significant 
changes in the biota that are present and in the 
chemical and biological processes that take place 
in wetlands. Furthermore, these changes can ulti-
mately affect the baseflow to streams, which in 
turn affects riverine ecosystems. Drainage also 
alters the water-holding capacity of topographic 
depressions as well as the surface runoff rates from 
land having very low slopes. More efficient runoff 
caused by drainage systems results in decreased 
recharge to ground water and greater contribution 
to flooding.



Drainage of the land surface is common 
in regions having extensive wetlands, such as 
coastal, riverine, and some glacial-lake landscapes.  
Construction of artificial drainage systems is 
extensive in these regions because wetland condi-
tions generally result in deep, rich, organic soils 
that are much prized for agriculture. In the most 
extensive artificially drained part of the Nation, the 
glacial terrain of the upper Midwest, it is estimated 
that more than 50 percent of the original wetland 
areas have been destroyed. In Iowa alone, the 
destruction exceeds 90 percent. Although some 
wetlands were destroyed by filling, most were 
destroyed by drainage.



Drainage of the Land Surface
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CONSTRUCTION OF LEVEES 



Levees are built along riverbanks to protect 
adjacent lands from flooding. These structures 
commonly are very effective in containing smaller 
magnitude floods that are likely to occur regularly 
from year to year. Large floods that occur much 
less frequently, however, sometimes overtop or 
breach the levees, resulting in widespread flooding. 
Flooding of low-lying land is, in a sense, the most 
visible and extreme example of the interaction of 
ground water and surface water. During flooding, 
recharge to ground water is continuous; given 
sufficient time, the water table may rise to the land 
surface and completely saturate the shallow aquifer 
(see Figure 12). Under these conditions,  an 
extended period of drainage from the shallow 
aquifer takes place after the floodwaters recede. 
The irony of levees as a flood protection mecha-
nism is that if levees fail during a major flood, the 
area, depth, and duration of flooding in some areas 
may be greater than if levees were not present.



CONSTRUCTION OF RESERVOIRS



The primary purpose of reservoirs is to store 
water for uses such as public water supply, irriga-
tion, flood attentuation, and generation of electric 
power. Reservoirs also can provide opportunities 
for recreation and wildlife habitat. Water needs 
to be stored in reservoirs because streamflow is 
highly variable, and the times when streamflow 
is abundant do not necessarily coincide with the 
times when the water is needed. Streamflow can 
vary daily in response to individual storms and 
seasonally in response to variation in weather 
patterns.



The effects of reservoirs on the interaction 
of ground water and surface water are greatest near 
the reservoir and directly downstream from it. 
Reservoirs can cause a permanent rise in the water 
table that may extend a considerable distance from 
the reservoir, because the base level of the stream, 
to which the ground-water gradients had adjusted, 
is raised to the higher reservoir levels. Near the 



Modifications to River Valleys
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dam, reservoirs commonly lose water to shallow 
ground water, but this water commonly returns to 
the river as base flow directly downstream from the 
dam. In addition, reservoirs can cause temporary 
bank storage at times when reservoir levels are 
high. In some cases, this temporary storage of 
surface water in the ground-water system has been 
found to be a significant factor in reservoir 
management (see Box Q).



Human-controlled reservoir releases and 
accumulation of water in storage may cause high 
flows and low flows to differ considerably in 
magnitude and timing compared to natural flows. 
As a result, the environmental conditions in river 
valleys downstream from a dam may be altered as 
organisms try to adjust to the modified flow condi-
tions. For example, the movement of water to and 
from bank storage under controlled conditions 
would probably be much more regular in timing 
and magnitude compared to the highly variable 
natural flow conditions, which probably would 
lead to less biodiversity in river systems down-
stream from reservoirs. The few studies that have 
been made of riverine ecosystems downstream 
from a reservoir indicate that they are different 
from the pre-reservoir conditions, but much more 
needs to be understood about the effects of reser-
voirs on stream channels and riverine ecosystems 
downstream from dams.



REMOVAL OF NATURAL VEGETATION



To make land available for agriculture and 
urban growth, development sometimes involves 
cutting of forests and removal of riparian vegeta-
tion and wetlands. Forests have a significant role in 
the hydrologic regime of watersheds. Deforestation 
tends to decrease evapotranspiration, increase 
storm runoff and soil erosion, and decrease infiltra-
tion to ground water and base flow of streams. 
From the viewpoint of water-resource quality and 
management, the increase in storm runoff and soil 
erosion and the decrease in base flow of streams 
are generally viewed as undesirable.



In the western United States, removal of 
riparian vegetation has long been thought to result 
in an increase in streamflow. It commonly is 
believed that the phreatophytes in alluvial valleys 
transpire ground water that otherwise would flow 
to the river and be available for use (see Box R). 
Some of the important functions of riparian vegeta-
tion and riparian wetlands include preservation of 
aquatic habitat, protection of the land from erosion, 
flood mitigation, and maintenance of water quality. 
Destruction of riparian vegetation and wetlands 
removes the benefits of erosion control and flood 
mitigation, while altering aquatic habitat and 
chemical processes that maintain water quality.
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Q
Effects of Surface-Water Reservoirs



on the Interaction of
Ground Water and Surface Water



The increase of water levels in reservoirs causes the 
surface water to move into bank storage. When water levels in 
reservoirs are decreased, this bank storage will return to the 
reservoir. Depending on the size of the reservoir and the 
magnitude of fluctuation of the water level of the reservoir, 
the amount of water involved in bank storage can be large. 
A study of bank storage associated with Hungry Horse 
Reservoir in Montana, which is part of the Columbia River 
system, indicated that the amount of water that would return to 
the reservoir from bank storage after water levels are lowered 



is large enough that it needs to be considered in the reservoir 
management plan for the Columbia River system. As a 
specific example, if the water level of the reservoir is raised 
100 feet, held at that level for a year, then lowered 100 feet, 
the water that would drain back to the reservoir during a 
year would be equivalent to an additional 3 feet over the reser-
voir surface. (Information from Simons, W.D., and Rorabaugh, 
M.I., 1971, Hydrology of Hungry Horse Reservoir, north-
western Montana: U.S. Geological Survey Professional 
Paper 682.)



Hungry Horse Reservoir,
Montana
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R
Effects of the Removal of Flood-Plain



Vegetation on the Interaction of
Ground Water and Surface Water



In low-lying areas where the water table is close to land 
surface, such as in flood plains, transpiration directly from 
ground water can reduce ground-water discharge to surface 
water and can even cause surface water to recharge ground 
water (see Figure 7). This process has attracted particular 
attention in arid areas, where transpiration by phreatophytes 
on flood plains of western rivers can have a significant effect 
on streamflows. To assess this effect, a study was done on 
transpiration by phreatophytes along a reach of the Gila River 
upstream from San Carlos Reservoir in Arizona. During the 
first few years of the 10-year study, the natural hydrologic 
system was monitored using observation wells, streamflow 
gages, and meteorological instruments. Following this initial 
monitoring period, the phreatophytes were removed from the 
flood plain and the effects on streamflow were evaluated. The 
average effect of vegetation removal over the entire study 
reach was that the Gila River changed from a continually 
losing river for most years before clearing to a gaining stream 
during some months for most years following clearing. Specifi-
cally, average monthly values of gain or loss from the stream 
indicated that before clearing, the river lost water to ground 
water during all months for most years. After clearing, the river 
gained ground-water inflow during March through June and 
during September for most years (Figure R–1).



Gila River,
Arizona
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Figure R–1.  Removal of phreatophytes from the flood plain 
along a losing reach of the Gila River in Arizona resulted in 
the river receiving ground-water inflow during some months 
of the year. (Modified from Culler, R.C., Hanson, R.L., Myrick, 
R.M., Turner, R.M., and Kipple, F.P., 1982, Evapotranspira-
tion before and after clearing phreatophytes, Gila River flood 
plain, Graham County, Arizona: U.S. Geological Professional 
Paper 655–P.)
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ATMOSPHERIC DEPOSITION



Atmospheric deposition of chemicals, such as 
sulfate and nitrate, can cause some surface-water bodies 
to become acidic. Concern about the effects of acidic 
precipitation on aquatic ecosystems has led to research 
on the interaction of ground water and surface water, 
especially in small headwaters catchments. It was clear 
when the problem was first recognized that surface-
water bodies in some environments were highly suscep-
tible to acidic precipitation, whereas in other environ-
ments they were not. Research revealed that the 
interaction of  ground water and surface water is impor-
tant to determining the susceptibility of a surface-water 
body to acidic precipitation (see Box S). For example, if 



a surface-water body received a significant inflow of 
ground water, chemical exchange while the water 
passed through the subsurface commonly neutralized 
the acidic water, which can reduce the acidity of the 
surface water to tolerable levels for aquatic organisms. 
Conversely, if runoff of acidic precipitation was rapid 
and involved very little flow through the ground-water 
system, the surface-water body was highly vulnerable 
and could become devoid of most aquatic life.



Modifications to the Atmosphere



GLOBAL WARMING



The concentration of gases, such as carbon 
dioxide (CO2) and methane, in the atmosphere has a 
significant effect on the heat budget of the Earth’s 
surface and the lower atmosphere. The increase in 
concentration of CO2  in the atmosphere of about 25 
percent since the late 1700s generally is thought to be 
caused by the increase in burning of fossil fuels. At 
present, the analysis and prediction of “global 
warming” and its possible effects on the hydrologic 
cycle can be described only with great uncertainty. 
Although the physical behavior of CO2 and other green-
house gases is well understood, climate systems are 
exceedingly complex, and long-term changes in climate 



are embedded in the natural variability of the present 
global climate regime.



Surficial aquifers, which supply much of the 
streamflow nationwide and which contribute flow to 
lakes, wetlands, and estuaries, are the aquifers most 
sensitive to seasonal and longer term climatic variation. 
As a result, the interaction of ground water and surface 
water also will be sensitive to variability of climate or to 
changes in climate. However, little attention has been 
directed at determining the effects of climate change on 
shallow aquifers and their interaction with surface 
water, or on planning how this combined resource will 
be managed if climate changes significantly.



“The interaction of ground water 
and surface water is 



important to determining the 
susceptibility of a surface-water 



body to acidic precipitation”
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S
Effects of Atmospheric Deposition



on the Quality of
Ground Water and Surface Water



In areas where soils have little capacity to buffer 
acids in water, acidic precipitation can be a problem because 
the infiltrating acidic water can increase the solubility of 
metals, which results in the flushing of high concentrations 
of dissolved metals into surface water. Increased concentra-
tions of naturally occurring metals such as aluminum may 
be toxic to aquatic organisms. Studies of watersheds have 
indicated that the length of subsurface flow paths has an effect 
on the degree to which acidic water is buffered by flow through 
the subsurface. For example, studies of watersheds in 



England have indicated that acidity was higher in streams 
during storms when more of the sub-
surface flow moved through the soil rather than through 
the deeper flow paths (Figure S–1). Moreover, in a study 
of the effects of acid precipitation on lakes in the Adirondack 
Mountains of New York, the length of time that water was 
in contact with deep subsurface materials was the most 
important factor affecting acidity because contact time 
determined the amount of buffering that could take place 
(Figure S–2).
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Figure S–1.  Acidity is higher (pH is lower) 
in streams when most of the flow is 
contributed by shallow soil water because 
the water has had less time to be neutral-
ized by contact with minerals compared 
to water that has traversed deeper 
flow paths. (Modified from Robson, A., 
Beven, K.J., and Neal, C., 1992, Towards 
identifying sources of subsurface flow— 
A comparison of components identified 
by a physically based runoff model and 
those determined by chemical mixing 
techniques: Hydrological Processes, 
v. 6, p. 199–214.) (Reprinted with 
permission from John Wiley & Sons 
Limited.)
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Adirondack Mountains,
New York
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Figure S–2.  The longer water is in contact with deep 
subsurface materials in a watershed, the higher the alkalinity 
in lakes receiving that water. (Modified from Wolock, D.M., 
Hornberger, G.M., Beven, K.J., and Campbell, W.G., 1989, 
The relationship of catchment topography and soil hydraulic 
characteristics to lake alkalinity in the northeastern United 
States: Water Resources Research, v. 25, p. 829–837.)
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Water commonly is not present at the 
locations and times where and when it is most 
needed. As a result, engineering works of all 
sizes have been constructed to distribute water 
from places of abundance to places of need. 
Regardless of the scale of the water-supply system, 
development of either ground water or surface 
water can eventually affect the other. For example, 
whether the source of irrigation water is ground 
water or surface water, return flows from irrigated 
fields will eventually reach surface water either 
through ditches or through ground-water discharge. 
Building dams to store surface water or diverting 
water from a stream changes the hydraulic connec-
tion and the hydraulic gradient between that body 
of surface water and the adjacent ground water, 
which in turn results in gains or losses of ground 
water. In some landscapes, development of ground 



water at even a great distance from surface water 
can reduce the amount of ground-water inflow to 
surface water or cause surface water to recharge 
ground water.



The hydrologic system is complex, from the 
climate system that drives it, to the earth materials 
that the water flows across and through, to the 
modifications of the system by human activities. 
Much research and engineering has been devoted 
to the development of water resources for water 
supply. However, most past work has concentrated 
on either surface water or ground water without 
much concern about their interrelations. The need 
to understand better how development of one water 
resource affects the other is universal and will 
surely increase as development intensifies.



CHALLENGES AND OPPORTUNITIES
The interaction of ground water and surface 



water involves many physical, chemical, and 
biological processes that take place in a variety 
of physiographic and climatic settings. For many 
decades, studies of the interaction of ground water 
and surface water were directed primarily at large 
alluvial stream and aquifer systems. Interest in 
the relation of ground water to surface water has 
increased in recent years as a result of widespread 
concerns related to water supply; contamination 
of ground water, lakes, and streams by toxic 
substances (commonly where not expected); acidi-
fication of surface waters caused by atmospheric 
deposition of sulfate and nitrate; eutrophication of 
lakes; loss of wetlands due to development; and 



other changes in aquatic environments. As a result, 
studies of the interaction of ground water and 
surface water have expanded to include many other 
settings, including headwater streams, 
lakes, wetlands, and coastal areas.



Issues related to water management and 
water policy were presented at the beginning 
of this report. The following sections address 
the need for greater understanding of the 
interaction of ground water and surface water with 
respect to the three issues of water supply, 
water quality, and characteristics of aquatic 
environments.



Water Supply
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For nearly every type of water use, whether 
municipal, industrial, or agricultural, water has 
increased concentrations of dissolved constituents 
or increased temperature following its use. There-
fore, the water quality of the water bodies that 
receive the discharge or return flow are affected 
by that use. In addition, as the water moves down-
stream, additional water use can further degrade 
the water quality. If irrigation return flow, or 
discharge from a municipal or industrial plant, 
moves downstream and is drawn back into an 
aquifer because of ground-water withdrawals, the 
ground-water system also will be affected by the 
quality of that surface water.



Application of irrigation water to cropland 
can result in the return flow having poorer quality 
because evapotranspiration by plants removes 
some water but not the dissolved salts. As a result, 
the dissolved salts can precipitate as solids, 
increasing the salinity of the soils. Additional 
application of water dissolves these salts and 
moves them farther downgradient in the hydrologic 
system. In addition, application of fertilizers and 
pesticides to cropland can result in poor-quality 
return flows to both ground water and surface 
water. The transport and fate of contaminants 
caused by agricultural practices and municipal and 
industrial discharges are a widespread concern that 
can be addressed most effectively if ground water 
and surface water are managed as a single resource.



Water scientists and water managers need 
to design data-collection programs that examine 



the effects of biogeochemical processes on water 
quality at the interface between surface water and 
near-surface sediments. These processes can have a 
profound effect on the chemistry of ground water 
recharging surface water and on the chemistry of 
surface water recharging ground water. Repeated 
exchange of water between surface water and near-
surface sediments can further enhance the impor-
tance of these processes. Research on the interface 
between ground water and surface water has 
increased in recent years, but only a few stream 
environments have been studied, and the transfer 
value of the research results is limited and uncer-
tain.



The tendency for chemical contaminants to 
move between ground water and surface water is a 
key consideration in managing water resources. 
With an increasing emphasis on watersheds as a 
focus for managing water quality, coordination 
between watershed-management and ground-
water-protection programs will be essential to 
protect the quality of drinking water. Furthermore, 
ground-water and surface-water interactions have a 
major role in affecting chemical and biological 
processes in lakes, wetlands, and streams, which in 
turn affect water quality throughout the hydrologic 
system. Improved scientific understanding of the 
interconnections between hydrological and 
biogeochemical processes will be needed to reme-
diate contaminated sites, to evaluate applications 
for waste-discharge permits, and to protect or 
restore biological resources.



Water Quality
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The interface between ground water and 
surface water is an areally restricted, but particu-
larly sensitive and critical niche in the total envi-
ronment. At this interface, ground water that has 
been affected by environmental conditions on the 
terrestrial landscape interacts with surface water 
that has been affected by environmental conditions 
upstream. Furthermore, the chemical reactions that 
take place where chemically distinct surface water 
meets chemically distinct ground water in the 
hyporheic zone may result in a biogeochemical 
environment that in some cases could be used as an 
indicator of changes in either terrestrial or aquatic 
ecosystems. The ability to understand this interface 
is challenging because it requires the focusing of 
many different scientific and technical disciplines 
at the same, areally restricted locality. The benefit 
of this approach to studying the interface of ground 
water and surface water could be the identification 
of useful biological or chemical indicators of 
adverse or positive changes in larger terrestrial and 
aquatic ecosystems.



Wetlands are a type of aquatic environment 
present in most landscapes; yet, in many areas, 
their perceived value is controversial. The principal 
characteristics and functions of wetlands are deter-
mined by the water and chemical balances that 
maintain them. These factors in large part deter-
mine the value of a wetland for flood control, 
nutrient retention, and wildlife habitat. As a 
result, they are especially sensitive to changing 
hydrological conditions. When the hydrological 



and chemical balances of a wetland change, the 
wetland can take on a completely different func-
tion, or it may be destroyed. Generally, the most 
devastating impacts on wetlands result from 
changes in land use. Wetlands commonly are 
drained to make land available for agricultural 
use or filled to make land available for urban and 
industrial development. Without understanding 
how wetlands interact with ground water, many 
plans to use land formerly occupied by wetlands 
fail. For example, it is operationally straightfor-
ward to fill in or drain a wetland, but the ground-
water flow system that maintains many wetlands 
may continue to discharge at that location. Many 
structures and roads built on former wetlands 
and many wetland restoration or construction 
programs fail for this reason. Saline soils in many 
parts of the central prairies also result from evapo-
ration of ground water that continues to discharge 
to the land surface after the wetlands were drained.



Riparian zones also are particularly sensitive 
to changes in the availability and quality of ground 
water and surface water because these ecosystems 
commonly are dependent on both sources of water. 
If either water source changes, riparian zones may 
be altered, changing their ability to provide aquatic 
habitat, mitigate floods and erosion, stabilize 
shorelines, and process chemicals, including 
contaminants. Effective management of water 
resources requires an understanding of the role of 
riparian zones and their dependence on the interac-
tion of ground water and surface water.



Characteristics of Aquatic Environments
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Subject: Thanks for sending your response to charge question #2
Date: Monday, February 03, 2014 9:19:00 AM


Mark,


Thanks for sending your subgroup's response to charge question #2.


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Friday, January 31, 2014 11:31 PM
To: Armitage, Thomas
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Attached.


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Wednesday, January 29, 2014 5:19 PM
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; fennessym@kenyon.edu; sullivan.191@osu.edu;
 rosimarshalle@caryinstitute.org; tank.1@nd.edu; Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Dear SAB Connectivity Panel Lead Writers,


Thank you for your work to develop the written responses for your assigned charge questions.  This is a reminder
 that Iris and I would like to receive your write-ups by Friday, January 31st.  We will work with Dr. Rodewald to
 incorporate the charge question responses into an integrated draft report that will be sent to the entire Panel for
 review and discussion on a teleconference.


Regards,


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
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EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004








From: Armitage, Thomas
To: Jan Goldman-Carter
Subject: RE: Connectivity Report review status?
Date: Thursday, February 06, 2014 1:39:00 PM


Dear Jan,
 
The SAB Connectivity Panel subgroups are working on sections of the Panel’s draft report.  The next step will
 be for the Panel to review the draft report on a public teleconference.  We anticipate that a draft of the
 report will be available in the near future.  The draft report will be posted on the SAB website prior to the
 teleconference.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jan Goldman-Carter [mailto:goldmancarterj@nwf.org] 
Sent: Thursday, February 06, 2014 12:13 PM
To: Armitage, Thomas
Subject: Connectivity Report review status?
 
Tom – can you advise re whether the Connectivity Report SAB review panel is
 getting close to finishing a draft report for public discussion and
 comment? The latest info I was able to find on-line (at
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/A243CB99328D3BF085257BBE0074E4E2?
OpenDocument)
was the Dec 18 text of the subgroups (attached).
 
Thanks,
 
Jan
 
Jan Goldman-Carter
Senior Manager, Wetlands and Water Resources
National Wildlife Federation
National Advocacy Center
901 E St, NW
Suite 400
Washington, DC  20004



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:goldmancarterj@nwf.org

mailto:armitage.thomas@epa.gov

mailto:goldmancarterj@nwf.org

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/A243CB99328D3BF085257BBE0074E4E2?OpenDocument

http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/A243CB99328D3BF085257BBE0074E4E2?OpenDocument





202-797-6894
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www.nwf.org/waters
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From: Armitage, Thomas
Cc: Goodman, Iris; Armitage, Thomas
Bcc: aaldous@tnc.org; Genevieve.Ali@ad.umanitoba.ca; dallan@umich.edu; leebenda@earthsystems.net;


 emily.bernhardt@duke.edu; rpb2@psu.edu; kurtf@warnercnr.colostate.edu; fennessym@kenyon.edu;
 mgooseff@engr.colostate.edu; jwharvey@usgs.gov; chuck.hawkins@usu.edu; ljohnson@d.umn.edu;
 josselyn@wra-ca.com; kalinla@auburn.edu; kkolm@mines.edu; judymeye@gmail.com; hassy@cox.net;
 dtpatten@montana.edu; mrains@usf.edu; krr@ufl.edu; adr79@cornell.edu; rosimarshalle@caryinstitute.org;
 jack.stanford@umontana.edu; sullivan.191@osu.edu; tank.1@nd.edu; maury.valett@umontana.edu;
 ellenw@cnr.colostate.edu


Subject: Two additional public comments submitted for your consideration
Date: Friday, January 31, 2014 4:50:00 PM
Attachments: Update_2_Public Comments Docket EPA-HQ-OA-2013-0582_1_31_14.xlsx


Update_2_Public Comments Docket EPA-HQ-OA-2013-0582_1_31_14.pdf


Dear SAB Connectivity Panel Members,
 
Attached is a spreadsheet with links to two additional public comments submitted for your
 consideration.  We will provide further updates as additional public comments are posted in the EPA
 Docket.
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Update #1


			Update #2: This table contains links to additional unique comments received by EPA Docket HQ-OA-2013-0582 (as of January 31, 2014) for the SAB Panel for Review of the EPA Water Body Connectivity Report. Where comments refer to specific parts of the draft EPA report or to scientific literature, this is noted.


			Unique Docket Number			Commenter(s) Name			Commenter(s) Affiliation			Hot Link (to entire comment)			Comments that Identify Specific Parts of Draft Report																								Comments on Scientific Literature (Y=Yes)			Other Comments (X=Yes)


															Intro (p. viii-xxi)			Ch. 1 Exec. Summary			Ch. 2 Introduction			Ch. 3 Conceptual Framework			Ch. 4 Streams: P,C,&B connections			Ch. 5 Wetlands: P,C&B connections			Ch. 6 Conclusions & Discussion			Lit. Cited and Glossary


			EPA-HQ-OA-2013-0582-1647			Robert T. Goffena, President, Deadman's Basin Water Users' Association			Deadman's Basin Water Users Association			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1647																														X


			EPA-HQ-OA-2013-0582-1648			Wayne Plant, President, Wisconsin Association of Resource Conservation & Development Councils, Inc.			Wisconsin Association of Resource Conservation & Development Councils, Inc.			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1648																														X
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From: Armitage, Thomas
To: Jan Goldman-Carter
Subject: RE: Connectivity Report review status?
Date: Thursday, February 06, 2014 1:39:00 PM


Dear Jan,
 
The SAB Connectivity Panel subgroups are working on sections of the Panel’s draft report.  The next step will
 be for the Panel to review the draft report on a public teleconference.  We anticipate that a draft of the
 report will be available in the near future.  The draft report will be posted on the SAB website prior to the
 teleconference.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jan Goldman-Carter [mailto:goldmancarterj@nwf.org] 
Sent: Thursday, February 06, 2014 12:13 PM
To: Armitage, Thomas
Subject: Connectivity Report review status?
 
Tom – can you advise re whether the Connectivity Report SAB review panel is
 getting close to finishing a draft report for public discussion and
 comment? The latest info I was able to find on-line (at
http://yosemite.epa.gov/sab/sabproduct.nsf/MeetingCal/A243CB99328D3BF085257BBE0074E4E2?
OpenDocument)
was the Dec 18 text of the subgroups (attached).
 
Thanks,
 
Jan
 
Jan Goldman-Carter
Senior Manager, Wetlands and Water Resources
National Wildlife Federation
National Advocacy Center
901 E St, NW
Suite 400
Washington, DC  20004
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From: Armitage, Thomas
Cc: Goodman, Iris; Armitage, Thomas
Bcc: aaldous@tnc.org; Genevieve.Ali@ad.umanitoba.ca; dallan@umich.edu; leebenda@earthsystems.net;


 emily.bernhardt@duke.edu; rpb2@psu.edu; kurtf@warnercnr.colostate.edu; fennessym@kenyon.edu;
 mgooseff@engr.colostate.edu; jwharvey@usgs.gov; chuck.hawkins@usu.edu; ljohnson@d.umn.edu;
 josselyn@wra-ca.com; kalinla@auburn.edu; kkolm@mines.edu; judymeye@gmail.com; hassy@cox.net;
 dtpatten@montana.edu; mrains@usf.edu; krr@ufl.edu; adr79@cornell.edu; rosimarshalle@caryinstitute.org;
 jack.stanford@umontana.edu; sullivan.191@osu.edu; tank.1@nd.edu; maury.valett@umontana.edu;
 ellenw@cnr.colostate.edu


Subject: Two additional public comments submitted for your consideration
Date: Friday, January 31, 2014 4:50:00 PM
Attachments: Update_2_Public Comments Docket EPA-HQ-OA-2013-0582_1_31_14.xlsx


Update_2_Public Comments Docket EPA-HQ-OA-2013-0582_1_31_14.pdf


Dear SAB Connectivity Panel Members,
 
Attached is a spreadsheet with links to two additional public comments submitted for your
 consideration.  We will provide further updates as additional public comments are posted in the EPA
 Docket.
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Update #1


			Update #2: This table contains links to additional unique comments received by EPA Docket HQ-OA-2013-0582 (as of January 31, 2014) for the SAB Panel for Review of the EPA Water Body Connectivity Report. Where comments refer to specific parts of the draft EPA report or to scientific literature, this is noted.


			Unique Docket Number			Commenter(s) Name			Commenter(s) Affiliation			Hot Link (to entire comment)			Comments that Identify Specific Parts of Draft Report																								Comments on Scientific Literature (Y=Yes)			Other Comments (X=Yes)


															Intro (p. viii-xxi)			Ch. 1 Exec. Summary			Ch. 2 Introduction			Ch. 3 Conceptual Framework			Ch. 4 Streams: P,C,&B connections			Ch. 5 Wetlands: P,C&B connections			Ch. 6 Conclusions & Discussion			Lit. Cited and Glossary


			EPA-HQ-OA-2013-0582-1647			Robert T. Goffena, President, Deadman's Basin Water Users' Association			Deadman's Basin Water Users Association			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1647																														X


			EPA-HQ-OA-2013-0582-1648			Wayne Plant, President, Wisconsin Association of Resource Conservation & Development Councils, Inc.			Wisconsin Association of Resource Conservation & Development Councils, Inc.			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1648																														X




















http://www.regulations.gov/http://www.regulations.gov/







Intro (p. viii-



xxi)



Ch. 1 Exec. 



Summary



Ch. 2 



Introduction



Ch. 3 Conceptual 



Framework



Ch. 4 Streams: 



P,C,&B 



connections



Ch. 5 Wetlands: 



P,C&B 



connections



Ch. 6 



Conclusions & 



Discussion



Lit. Cited and 



Glossary



Update #2: This table contains links to additional unique comments received by EPA Docket HQ-OA-2013-0582 (as of January 31, 2014) for the SAB Panel for Review of the EPA Water Body Connectivity Report. Where comments refer to specific parts of the draft EPA report or to scientific literature, this is noted.
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From: Armitage, Thomas
To: Mike Josselyn
Cc: Amanda D. Rodewald; Goodman, Iris
Subject: RE: EPA Panel: Review Process for Draft Report
Date: Friday, February 14, 2014 1:56:00 PM


Mike,
 
In response to your questions I have summarized the next steps to complete the Panel’s report.
 Please feel free to call me if you have further questions.
 
1.       Prior to the conference calls we will send you the Panel’s draft report for review and comment. 


 I will ask you to send comments and suggested edits to me. 
2.       Iris and I plan to compile the comments and suggested edits from Panel members and send


 them to the Panel prior to the calls.
3.       The purpose of the calls will be to discuss the draft report, focusing on members’ comments and


 edits, and to reach agreement on the revisions that are needed.
4.       After the calls, the draft report will be revised as discussed on the calls and it will be sent it to


 you again for review and concurrence.
5.       Following Panel concurrence, the report will be sent to the Chartered SAB for quality review and


 approval.
 
The Panel’s draft report will be posted on the SAB website prior to the conference calls and the
 public will have an opportunity to provide written and oral comments for the Panel’s consideration.
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Mike Josselyn [mailto:josselyn@wra-ca.com] 
Sent: Friday, February 14, 2014 12:48 PM
To: Armitage, Thomas
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Cc: Amanda D. Rodewald
Subject: EPA Panel: Review Process for Draft Report
 
Tom:
 
I am writing to request clarification on the review process for the Draft Review.     I understand that
 you have scheduled Panel calls in April; however, my question is whether the draft, once finalized,
 will be subject to submittals of comments, edits, and/or suggested revisions to the chapter leads or
 to you and Dr. Rodewald for full consideration by the Panel prior to those calls.    Appreciate any
 clarification that you can provide as our first call will be receiving comments from the public;
 however, the draft may not have incorporated the review by the Panel as a whole prior to receiving
 those public comments.
 
MICHAEL JOSSELYN, PhD, PWS  |  Principal   |   o: 415.454.8868 x125   |   josselyn@wra-ca.com


WRA, Inc.  |   www.wra-ca.com   |   2169-G East Francisco Blvd., San Rafael, CA 94901   |   c:
 415.519.3843  
 
North Coast: 249 N. Main Street, Suite F, Fort Bragg, CA  95437
South Coast:  9815 Carroll Canyon Road, Suite 206 San Diego,CA 92131  858.842.1800
Denver: 999 18th Street, Suite 3000, Denver, Colorado 80202  720.946.4855
 
The information contained in this email and any attachments are strictly confidential and are for the use of the intended recipient.
 Any use, dissemination, distribution, or reproduction of any part of this email or any attachment is prohibited. If you are not the
 intended recipient, please notify the sender by return email and delete all copies including attachments
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From: Armitage, Thomas
Cc: Goodman, Iris; Armitage, Thomas
Subject: Two additional public comments submitted for your consideration
Date: Friday, January 31, 2014 4:50:35 PM
Attachments: Update_2_Public Comments Docket EPA-HQ-OA-2013-0582_1_31_14.xlsx


Update_2_Public Comments Docket EPA-HQ-OA-2013-0582_1_31_14.pdf


Dear SAB Connectivity Panel Members,
 
Attached is a spreadsheet with links to two additional public comments submitted for your
 consideration.  We will provide further updates as additional public comments are posted in the EPA
 Docket.
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Update #1


			Update #2: This table contains links to additional unique comments received by EPA Docket HQ-OA-2013-0582 (as of January 31, 2014) for the SAB Panel for Review of the EPA Water Body Connectivity Report. Where comments refer to specific parts of the draft EPA report or to scientific literature, this is noted.


			Unique Docket Number			Commenter(s) Name			Commenter(s) Affiliation			Hot Link (to entire comment)			Comments that Identify Specific Parts of Draft Report																								Comments on Scientific Literature (Y=Yes)			Other Comments (X=Yes)


															Intro (p. viii-xxi)			Ch. 1 Exec. Summary			Ch. 2 Introduction			Ch. 3 Conceptual Framework			Ch. 4 Streams: P,C,&B connections			Ch. 5 Wetlands: P,C&B connections			Ch. 6 Conclusions & Discussion			Lit. Cited and Glossary


			EPA-HQ-OA-2013-0582-1647			Robert T. Goffena, President, Deadman's Basin Water Users' Association			Deadman's Basin Water Users Association			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1647																														X


			EPA-HQ-OA-2013-0582-1648			Wayne Plant, President, Wisconsin Association of Resource Conservation & Development Councils, Inc.			Wisconsin Association of Resource Conservation & Development Councils, Inc.			http://www.regulations.gov/#!documentDetail;D=EPA-HQ-OA-2013-0582-1648																														X
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From: Armitage, Thomas
To: Mike Josselyn
Cc: Amanda D. Rodewald; Goodman, Iris
Subject: RE: EPA Panel: Review Process for Draft Report
Date: Friday, February 14, 2014 1:56:00 PM


Mike,
 
In response to your questions I have summarized the next steps to complete the Panel’s report.
 Please feel free to call me if you have further questions.
 
1.       Prior to the conference calls we will send you the Panel’s draft report for review and comment. 


 I will ask you to send comments and suggested edits to me. 
2.       Iris and I plan to compile the comments and suggested edits from Panel members and send


 them to the Panel prior to the calls.
3.       The purpose of the calls will be to discuss the draft report, focusing on members’ comments and


 edits, and to reach agreement on the revisions that are needed.
4.       After the calls, the draft report will be revised as discussed on the calls and it will be sent it to


 you again for review and concurrence.
5.       Following Panel concurrence, the report will be sent to the Chartered SAB for quality review and


 approval.
 
The Panel’s draft report will be posted on the SAB website prior to the conference calls and the
 public will have an opportunity to provide written and oral comments for the Panel’s consideration.
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 


From: Mike Josselyn [mailto:josselyn@wra-ca.com] 
Sent: Friday, February 14, 2014 12:48 PM
To: Armitage, Thomas
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Cc: Amanda D. Rodewald
Subject: EPA Panel: Review Process for Draft Report
 
Tom:
 
I am writing to request clarification on the review process for the Draft Review.     I understand that
 you have scheduled Panel calls in April; however, my question is whether the draft, once finalized,
 will be subject to submittals of comments, edits, and/or suggested revisions to the chapter leads or
 to you and Dr. Rodewald for full consideration by the Panel prior to those calls.    Appreciate any
 clarification that you can provide as our first call will be receiving comments from the public;
 however, the draft may not have incorporated the review by the Panel as a whole prior to receiving
 those public comments.
 
MICHAEL JOSSELYN, PhD, PWS  |  Principal   |   o: 415.454.8868 x125   |   josselyn@wra-ca.com


WRA, Inc.  |   www.wra-ca.com   |   2169-G East Francisco Blvd., San Rafael, CA 94901   |   c:
 415.519.3843  
 
North Coast: 249 N. Main Street, Suite F, Fort Bragg, CA  95437
South Coast:  9815 Carroll Canyon Road, Suite 206 San Diego,CA 92131  858.842.1800
Denver: 999 18th Street, Suite 3000, Denver, Colorado 80202  720.946.4855
 
The information contained in this email and any attachments are strictly confidential and are for the use of the intended recipient.
 Any use, dissemination, distribution, or reproduction of any part of this email or any attachment is prohibited. If you are not the
 intended recipient, please notify the sender by return email and delete all copies including attachments
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From: Emma Rosi-Marshall
To: Armitage, Thomas
Subject: question
Date: Sunday, February 16, 2014 7:04:36 AM


Dear Tom, 
I just wanted to check in with you something.  I am visiting DC next week and the American
 Institute of Biological Sciences (AIBS) has offered to set up appointments for me to meet
 with my state representatives to discuss the importance of funding in support scientific
 research in the US.  It just occurred to me that I should check with you to make sure that this
 is not at all in conflict with my activities as a member of the SAB.  Can you please let me
 know?  


Take you in advance for your advice.  Sincerely, 
Emma 


Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall
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From: Armitage, Thomas
To: Wildman, Sloane (Perkins Coie)
Cc: Goodman, Iris
Subject: RE: EPA/Corps Connectivity Report - Status of SAB Review
Date: Friday, February 21, 2014 1:20:00 PM


Dear Mr. Sloane,
 
The Science Advisory Board (SAB) Connectivity Panel met in December and will be meeting again by
 teleconference to discuss its draft report to the EPA. The public teleconferences of the Panel will be
 announced in the Federal Register and listed in the meeting calendar on the SAB website
 (www.epa.gov/sab). A draft of the Panel’s report will be posted on the SAB website prior to the
 teleconferences.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Wildman, Sloane (Perkins Coie) [mailto:SWildman@perkinscoie.com] 
Sent: Friday, February 21, 2014 10:18 AM
To: Goodman, Iris; Armitage, Thomas
Subject: EPA/Corps Connectivity Report - Status of SAB Review
 
Hello:
I am trying to determine the status of the Science Advisory Board review of the
 September 2013 draft connectivity report.  I understand that the scientific
 review panel met in December 2013, but I have not been able to pin down
 any additional information.  Is this something you can help me find out?  Or
 can you point me to the right person to assist?  Many thanks, in advance for
 your assistance!
Sloane Wildman
 
Sloane Anders Wildman | Perkins Coie LLP 
700 13th Street, NW, Suite 600  
Washington, D.C. 20005-3960 
Phone: 202.654.6215
Fax: 202.654.9155 
swildman@perkinscoie.com 
www.perkinscoie.com
NOTICE:  This communication may contain privileged or other confidential information. If you
 have received it in error, please advise the sender by reply email and immediately delete the
 message and any attachments without copying or disclosing the contents.  Thank you.
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IRS CIRCULAR 230 DISCLOSURE: To ensure compliance with Treasury Department and IRS
 regulations, we inform you that, unless expressly indicated otherwise, any federal tax advice contained in
 this communication (including any attachments) is not intended or written by Perkins Coie LLP to be
 used, and cannot be used by the taxpayer, for the purpose of (i) avoiding penalties that may be imposed
 on the taxpayer under the Internal Revenue Code or (ii) promoting, marketing or recommending to
 another party any transaction or matter addressed herein (or any attachments).


* * * * * * * * * *


NOTICE: This communication may contain privileged or other confidential information. If you have
 received it in error, please advise the sender by reply email and immediately delete the message and
 any attachments without copying or disclosing the contents. Thank you.








From: Siobhan Fennessy
To: Maury Valett; Reddy, K. Ramesh
Cc: Armitage, Thomas; Goodman, Iris
Subject: subgroup report
Date: Thursday, January 30, 2014 12:55:15 PM


Hi Maury and Ramesh, 


I wanted to check to see if you have comments/additions/deletions to our draft subgroup report
 (sorry to pester!).  If so, and you could get them to me today, that would be great.  I can 
finalize the draft tomorrow and get it sent to Tom.


Thanks,
Siobhan 


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
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From: Armitage, Thomas
To: Wildman, Sloane (Perkins Coie)
Cc: Goodman, Iris
Subject: RE: EPA/Corps Connectivity Report - Status of SAB Review
Date: Friday, February 21, 2014 2:23:00 PM


Dear Mr. Wildman,
 
Yes, the EPA Science Advisory Board Office is still accepting public comments for the Panel’s
 consideration.  Comments should be identified by EPA docket No. EPA-HQ-OA-2013-0582 and can
 be sent by email: Docket_OEI@epa.gov, fax: 202-566-9744, or regular mail: Office of Environmental
 Information Docket, Docket ID No. EPA-HQ-OA-2013-0582, U.S. Environmental Protection Agency,
 1200 Pennsylvania Avenue, N.W., Washington, DC 20460.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Wildman, Sloane (Perkins Coie) [mailto:SWildman@perkinscoie.com] 
Sent: Friday, February 21, 2014 1:22 PM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: Re: EPA/Corps Connectivity Report - Status of SAB Review
 
Thanks very much! Are you/they still accepting public comment on the report? 


On Feb 21, 2014, at 1:20 PM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Dear Mr. Sloane,
 
The Science Advisory Board (SAB) Connectivity Panel met in December and will be
 meeting again by teleconference to discuss its draft report to the EPA. The public
 teleconferences of the Panel will be announced in the Federal Register and listed in
 the meeting calendar on the SAB website (www.epa.gov/sab[epa.gov]). A draft of the
 Panel’s report will be posted on the SAB website prior to the teleconferences.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
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EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Wildman, Sloane (Perkins Coie) [mailto:SWildman@perkinscoie.com] 
Sent: Friday, February 21, 2014 10:18 AM
To: Goodman, Iris; Armitage, Thomas
Subject: EPA/Corps Connectivity Report - Status of SAB Review
 
Hello:
I am trying to determine the status of the Science Advisory Board
 review of the September 2013 draft connectivity report.  I
 understand that the scientific review panel met in December 2013,
 but I have not been able to pin down any additional information. 
 Is this something you can help me find out?  Or can you point me
 to the right person to assist?  Many thanks, in advance for your
 assistance!
Sloane Wildman
 
Sloane Anders Wildman | Perkins Coie LLP 
700 13th Street, NW, Suite 600  
Washington, D.C. 20005-3960 
Phone: 202.654.6215
Fax: 202.654.9155 
swildman@perkinscoie.com 
www.perkinscoie.com
NOTICE:  This communication may contain privileged or other confidential
 information. If you have received it in error, please advise the sender by reply email
 and immediately delete the message and any attachments without copying or
 disclosing the contents.  Thank you.
 
 


IRS CIRCULAR 230 DISCLOSURE: To ensure compliance with Treasury Department and
 IRS regulations, we inform you that, unless expressly indicated otherwise, any federal tax
 advice contained in this communication (including any attachments) is not intended or
 written by Perkins Coie LLP to be used, and cannot be used by the taxpayer, for the
 purpose of (i) avoiding penalties that may be imposed on the taxpayer under the Internal
 Revenue Code or (ii) promoting, marketing or recommending to another party any
 transaction or matter addressed herein (or any attachments).


* * * * * * * * * *


NOTICE: This communication may contain privileged or other confidential information. If
 you have received it in error, please advise the sender by reply email and immediately
 delete the message and any attachments without copying or disclosing the contents.
 Thank you.
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From: Armitage, Thomas
To: Jennifer Tank; rosimarshalle@caryinstitute.org
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the SAB Connectivity


 Panel"s report(no subject)
Date: Wednesday, February 26, 2014 10:23:00 AM


Hi Jen,
 
Thanks very much for looking at the revised charge question response.  We did suggest quite a few
 changes to try to make sure all of the responses are presented in the same style in the Panel’s
 report, so it is probably best to look at the clean version.  We do not want to change the substance
 of your text at all, so please let me know if you disagree with any of the suggested changes. 
 
With regard to the citations, we typically use the author/date system to cite references in the body
 an SAB report.  So the recommended references are cited within the text of the specific
 recommendations, but the full bibliographic reference is included in the references section at the
 end of the report.  Please call me if you have questions or concerns.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Wednesday, February 26, 2014 9:31 AM
To: Armitage, Thomas; rosimarshalle@caryinstitute.org
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the
 SAB Connectivity Panel's report(no subject)
 
Hi Tom (with cc to Emma and Iris).
 
Thanks for your email and work putting the two sections together. Wow- those are indeed a lot of
 changes to meet the formatting requirements of the document.
 
I just wanted to let you know that Emma is currently en route to Australia at the moment, leaving
 today. The changes to her section are in my opinion quite extensive and I would not feel
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 comfortable speaking for her or her group.
 
For example, the detailed references that they put together, that are referred to in specific
 recommendations in the document, are now all lumped at the back, together. While this may be the
 convention of previous reports, it somewhat defeats the purpose. If EPA wrote document and
 missed these citations, they will not be familiar enough to know which dealt with which specific
 comment. Plus I think it dilutes the quality and thoughtfulness of the recommendations. I think the
 format should be reconsidered in these cases. But I am speaking out of turn and Emma should make
 that call.
 
I will go through my part of the document Question 3B, on the clean version, as I can’t really read
 the red one, as there is so much red.
Take care,
Jen
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, February 26, 2014 2:50 AM
To: rosimarshalle@caryinstitute.org; Jennifer Tank
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the SAB
 Connectivity Panel's report(no subject)
 
 
Hi Emma and Jennifer,
 
Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 3(a) and 3(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for SAB
 reports.  We have listed the recommendations as bullets at the end of each section in order to let
 the reader clearly see the SAB recommendations.
 
Please review the attached draft of the charge question 3(a) and 3(b)(b) responses and send me any


 changes needed by Friday February 28th , or send me a response indicating that you agree with the
 edits.  We tried not to change the substance of your draft and only made editorial and format
 changes, so hopefully it won't require much time to review.
 
I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
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Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Mike Josselyn
To:
Cc: Armitage, Thomas; Goodman, Iris; emily.bernhardt@duke.edu; Mark Murphy
Subject: RE: Mark: your turn to edit. Please pass along to the next editor when you are done. Thanks...
Date: Wednesday, February 05, 2014 5:29:07 PM
Attachments: esb_Users_tarmitag_Documents_Wetland Connectivity_Subgroup responses to charge


 questions_Lentic_systems_5A_and_5B_2_5_14_clean.docx


Lucinda:
 
I have made some final edits and additions.  Not sure who is next on the list…
 
Mike
 


From: Mark Murphy [mailto:hassy@cox.net] 
Sent: Monday, February 03, 2014 11:06 AM
To: josselyn@wra-ca.com
Cc: Armitage, Thomas; Goodman, Iris; 
 emily.bernhardt@duke.edu
Subject: Re: Mark: your turn to edit. Please pass along to the next editor when you are done.
 Thanks...
 
Tag! You're it. 


Lucinda, Emily, Genevieve and I have been through the document. 


Cheers,
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net
 
*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.
 
 
 
On 1/31/2014 4:24 PM, Genevieve Ali wrote:


I understand that Lucinda, Emily and I have been through the document
 already. Have a great week-end,
G.
 
 
-- 


Genevieve Ali, BSc Hons, PhD


(b) (6)


(b) (6)
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1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature publications on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (Ssee charge question 2 response for a detailed discussion on terminology.).


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See see Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages.   Because the nation’s wetlands differ significantly from state to state, the draft Report should acknowledge this variability and present an analysis on the scientific literature’s coverage of this variability.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.	Comment by Murphy: Should we specifically cite Alaska, Hawaii and the desert Southwest? We did get strong objections from these three regions as to the usefulness of the discussion in characterizing these specific parts of the country. I thought there was concurrence by the panel.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.  In addition, the draft report should discuss the differences between anthropogenic wetland settings and those found in natural settings.	Comment by Murphy: Like!





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland”, including geographically isolated wetlands. Major reviews that have been includedexist in the peer- reviewed literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references at the end of this response document and in Appendix X.   ] 



The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within between unidirectional wetlands and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2 group use or incorporate this framework.	Comment by Murphy:  Somewhere I would like to see this stated in some form . . . “Transport (or flux) is measured by magnitude of energy/mass transfer, duration of flow and the event frequency of flow, which, if it occurs (on a flow path) between or to aquatic environments, quantifies hydrologic connectivity.”	Comment by Admin Emily Bernhardt: I am a fan of this 2nd alternative	Comment by Murphy: Me, too, for two.	Comment by Genevieve: In favor of 2nd alternative as well


[image: ]The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of any connection.  The Panel believes that such an analysis can be done and would be useful in quantifying determining the significance effect of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).  (The Panel recommends suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely in magnitude across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  	Comment by Murphy: I am following the instructions to the jury that we are not to consider the term ‘significant;’ however, I would like to see it noted somewhere in our report that the term has a very well-defined scientific meaning that is based upon the quantifiable validity of a scientific hypothesis. I personally consider this scientific use of significance to be, without a doubt, the Court’s meaning in Rapanos but we don’t need to go there. Significance is a word scientists should never take in vain.	Comment by Genevieve: I would delete this sentence as the figure/conceptual diagram has been mentioned many times already and suggestions to rely on it have been made earlier in the text.





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.

OKAY – ITS IMPORTANT BUT NOT ESSENTIAL…

GA: I agree to leave the “novelty of chemistry” out for now. We might be able to include it later if other sub-groups also touch on it in their respective responses.
	Comment by Murphy: See my comment below. Chemistry is fine but we need to be more specific. Bad chemistry is that which interferes with the proper function of habitats or has adverse effects on individuals within that habitat through addition of degrading, or retention of nutritional, components.





Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified.   In particular, the Panel recommends that the EPA authors examine the degree of connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  For example, tThe time frames for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.   High magnitude floods  may provide a connection between wetlands and downstream waters infrequently and  the effect to downstream waters may be short lived and inconsequential unless the impact is associated with the transfer of a toxic pollutant.   These are likely to be unusual circumstances and case specific.   Geographic differences also come to play when considering rainfall patterns and stream flow frequency and should be evaluated using the scientific literature.  . To address the important issues of the timing of connectivity, the The Panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?

I tried to resolve that issue by moving the sentence.

GA: I think it reads OK now

MJ  I tried to make some further edits to assist in the flow of the sentence.



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbances (and legacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection types or the trigger the transport of novel chemical or biological speciesnovelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors revise this conclusion to focus on what the scientific literature does support and provide more specifics on what still needs to be resolved (e.g. degree of connectivity, temporal or spatial analysis)  remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Murphy: See my slight revision above. The “magnitude of the connections” doesn’t make sense.



3. The Ppanel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 	Comment by Murphy: I don’t understand this. If we are talking about biological connections they still must have a hydrologic basis. For example, we are not talking about avian or insect movement that is not driven by aquatic habitat. The transport mechanism, avian migration, is not hydrologic but the connection, wetland to stream is hydrologic.


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths,  or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection flux that determines the strength of the linkagethe connection between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.	Comment by Genevieve: Should those two sentences be moved up so that they are read right after “The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered.”	Comment by Murphy: In answer to GA15,16 . . . I think that once we have sorted out the meaning of the first sentence of Response 3, these two comments should be merged.	Comment by Genevieve: Should those sentences be moved up so that they are read at the end of item #3? 





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we the Panel feels that it is disingenuous not necessary to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our owntheir expert knowledge of the subject. We The Panel offers these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.	Comment by Murphy: They know who we are.



Key Findings:


The Panel recommends that the key findings be more explicitedly presented in the text.  Table 5-4 provides a summary, but it is not clearly explained in the text itself.  In addition, Table 5-4 discusses functions of wetlands (though not water bodies) but does not present conclusions on how those functions translate to downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature.  For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” is a function, but there is no conclusion on how this would affect downstream waters.    


Key Finding a:  The Panel agrees with this general statement about the hydrosphere and general interconnectivity of wetlands.    - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we The Panel suggests an additional key finding on the BIOLOGICAL FUNCTIONS of unidirectional wetlands:


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”	Comment by Murphy: Do we need to counter the sneer I heard from the audience about spawning salmon? It was BS. The ultimate beneficiary of the nutrients may be terrestrial and beyond the CWA; however, the transport process of bringing nutrients upstream to headwaters IS entirely aquatic and ecologically critical to these waters. But maybe that’s a lotic question (pun intended).


The Draft Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production.  In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments.  The functions and values of these wetlands may be severely compromised or absent and therefore may not have similar influences on downstream waters as natural wetlands may have.


Key Finding c - no suggestions for improvement in existing text. The Panel sSuggesteds an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above preceding finding on “hydrologic connectivity”: 


[bookmark: _GoBack]“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. . 1) Activities by of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”
	Comment by Murphy: Do we need something about disturbance as an adaptive trait in some communities or species? Invasive phreatophytes tend to famously follow the reduction in natural disturbance cycles. I am not sure this applies as much to wetlands, although I am wondering about some Florida examples of adverse hydro-regulation.	Comment by Murphy: ???? Distribution?





Key Finding g.  No suggestions for improvement in existing text.  


The Panel recommends adding including two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on the CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters.” 	Comment by Murphy: Like!


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We The Panel directs the authors to the following references in support of this last statement.





· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.
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From:  [mailto:  On
 Behalf Of Lucinda Johnson
Sent: January-31-14 3:48 PM
To: Genevieve Ali; Armitage, Thomas; Goodman, Iris
Subject: G: your turn to edit. Please pass along to the next editor when you are
 done. Thanks..
 
thank you.
 
Lucinda
-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
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From: Armitage, Thomas
To: Jennifer Tank; rosimarshalle@caryinstitute.org
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the SAB Connectivity


 Panel"s report(no subject)
Date: Wednesday, February 26, 2014 10:23:00 AM


Hi Jen,
 
Thanks very much for looking at the revised charge question response.  We did suggest quite a few
 changes to try to make sure all of the responses are presented in the same style in the Panel’s
 report, so it is probably best to look at the clean version.  We do not want to change the substance
 of your text at all, so please let me know if you disagree with any of the suggested changes. 
 
With regard to the citations, we typically use the author/date system to cite references in the body
 an SAB report.  So the recommended references are cited within the text of the specific
 recommendations, but the full bibliographic reference is included in the references section at the
 end of the report.  Please call me if you have questions or concerns.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Wednesday, February 26, 2014 9:31 AM
To: Armitage, Thomas; rosimarshalle@caryinstitute.org
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the
 SAB Connectivity Panel's report(no subject)
 
Hi Tom (with cc to Emma and Iris).
 
Thanks for your email and work putting the two sections together. Wow- those are indeed a lot of
 changes to meet the formatting requirements of the document.
 
I just wanted to let you know that Emma is currently en route to Australia at the moment, leaving
 today. The changes to her section are in my opinion quite extensive and I would not feel
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 comfortable speaking for her or her group.
 
For example, the detailed references that they put together, that are referred to in specific
 recommendations in the document, are now all lumped at the back, together. While this may be the
 convention of previous reports, it somewhat defeats the purpose. If EPA wrote document and
 missed these citations, they will not be familiar enough to know which dealt with which specific
 comment. Plus I think it dilutes the quality and thoughtfulness of the recommendations. I think the
 format should be reconsidered in these cases. But I am speaking out of turn and Emma should make
 that call.
 
I will go through my part of the document Question 3B, on the clean version, as I can’t really read
 the red one, as there is so much red.
Take care,
Jen
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, February 26, 2014 2:50 AM
To: rosimarshalle@caryinstitute.org; Jennifer Tank
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the SAB
 Connectivity Panel's report(no subject)
 
 
Hi Emma and Jennifer,
 
Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 3(a) and 3(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for SAB
 reports.  We have listed the recommendations as bullets at the end of each section in order to let
 the reader clearly see the SAB recommendations.
 
Please review the attached draft of the charge question 3(a) and 3(b)(b) responses and send me any


 changes needed by Friday February 28th , or send me a response indicating that you agree with the
 edits.  We tried not to change the substance of your draft and only made editorial and format
 changes, so hopefully it won't require much time to review.
 
I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
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Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Mike Josselyn
To:
Cc: Armitage, Thomas; Goodman, Iris; emily.bernhardt@duke.edu; Mark Murphy
Subject: RE: Mark: your turn to edit. Please pass along to the next editor when you are done. Thanks...
Date: Wednesday, February 05, 2014 5:29:07 PM
Attachments: esb_Users_tarmitag_Documents_Wetland Connectivity_Subgroup responses to charge


 questions_Lentic_systems_5A_and_5B_2_5_14_clean.docx


Lucinda:
 
I have made some final edits and additions.  Not sure who is next on the list…
 
Mike
 


From: Mark Murphy [mailto:hassy@cox.net] 
Sent: Monday, February 03, 2014 11:06 AM
To: josselyn@wra-ca.com
Cc: Armitage, Thomas; Goodman, Iris; 
 emily.bernhardt@duke.edu
Subject: Re: Mark: your turn to edit. Please pass along to the next editor when you are done.
 Thanks...
 
Tag! You're it. 


Lucinda, Emily, Genevieve and I have been through the document. 


Cheers,
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net
 
*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.
 
 
 
On 1/31/2014 4:24 PM, Genevieve Ali wrote:


I understand that Lucinda, Emily and I have been through the document
 already. Have a great week-end,
G.
 
 
-- 


Genevieve Ali, BSc Hons, PhD
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1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature publications on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (Ssee charge question 2 response for a detailed discussion on terminology.).


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See see Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages.   Because the nation’s wetlands differ significantly from state to state, the draft Report should acknowledge this variability and present an analysis on the scientific literature’s coverage of this variability.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.	Comment by Murphy: Should we specifically cite Alaska, Hawaii and the desert Southwest? We did get strong objections from these three regions as to the usefulness of the discussion in characterizing these specific parts of the country. I thought there was concurrence by the panel.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.  In addition, the draft report should discuss the differences between anthropogenic wetland settings and those found in natural settings.	Comment by Murphy: Like!





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland”, including geographically isolated wetlands. Major reviews that have been includedexist in the peer- reviewed literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references at the end of this response document and in Appendix X.   ] 



The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within between unidirectional wetlands and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2 group use or incorporate this framework.	Comment by Murphy:  Somewhere I would like to see this stated in some form . . . “Transport (or flux) is measured by magnitude of energy/mass transfer, duration of flow and the event frequency of flow, which, if it occurs (on a flow path) between or to aquatic environments, quantifies hydrologic connectivity.”	Comment by Admin Emily Bernhardt: I am a fan of this 2nd alternative	Comment by Murphy: Me, too, for two.	Comment by Genevieve: In favor of 2nd alternative as well


[image: ]The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of any connection.  The Panel believes that such an analysis can be done and would be useful in quantifying determining the significance effect of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).  (The Panel recommends suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely in magnitude across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  	Comment by Murphy: I am following the instructions to the jury that we are not to consider the term ‘significant;’ however, I would like to see it noted somewhere in our report that the term has a very well-defined scientific meaning that is based upon the quantifiable validity of a scientific hypothesis. I personally consider this scientific use of significance to be, without a doubt, the Court’s meaning in Rapanos but we don’t need to go there. Significance is a word scientists should never take in vain.	Comment by Genevieve: I would delete this sentence as the figure/conceptual diagram has been mentioned many times already and suggestions to rely on it have been made earlier in the text.





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.

OKAY – ITS IMPORTANT BUT NOT ESSENTIAL…

GA: I agree to leave the “novelty of chemistry” out for now. We might be able to include it later if other sub-groups also touch on it in their respective responses.
	Comment by Murphy: See my comment below. Chemistry is fine but we need to be more specific. Bad chemistry is that which interferes with the proper function of habitats or has adverse effects on individuals within that habitat through addition of degrading, or retention of nutritional, components.





Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified.   In particular, the Panel recommends that the EPA authors examine the degree of connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  For example, tThe time frames for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.   High magnitude floods  may provide a connection between wetlands and downstream waters infrequently and  the effect to downstream waters may be short lived and inconsequential unless the impact is associated with the transfer of a toxic pollutant.   These are likely to be unusual circumstances and case specific.   Geographic differences also come to play when considering rainfall patterns and stream flow frequency and should be evaluated using the scientific literature.  . To address the important issues of the timing of connectivity, the The Panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?

I tried to resolve that issue by moving the sentence.

GA: I think it reads OK now

MJ  I tried to make some further edits to assist in the flow of the sentence.



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbances (and legacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection types or the trigger the transport of novel chemical or biological speciesnovelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors revise this conclusion to focus on what the scientific literature does support and provide more specifics on what still needs to be resolved (e.g. degree of connectivity, temporal or spatial analysis)  remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Murphy: See my slight revision above. The “magnitude of the connections” doesn’t make sense.



3. The Ppanel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 	Comment by Murphy: I don’t understand this. If we are talking about biological connections they still must have a hydrologic basis. For example, we are not talking about avian or insect movement that is not driven by aquatic habitat. The transport mechanism, avian migration, is not hydrologic but the connection, wetland to stream is hydrologic.


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths,  or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection flux that determines the strength of the linkagethe connection between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.	Comment by Genevieve: Should those two sentences be moved up so that they are read right after “The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered.”	Comment by Murphy: In answer to GA15,16 . . . I think that once we have sorted out the meaning of the first sentence of Response 3, these two comments should be merged.	Comment by Genevieve: Should those sentences be moved up so that they are read at the end of item #3? 





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we the Panel feels that it is disingenuous not necessary to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our owntheir expert knowledge of the subject. We The Panel offers these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.	Comment by Murphy: They know who we are.



Key Findings:


The Panel recommends that the key findings be more explicitedly presented in the text.  Table 5-4 provides a summary, but it is not clearly explained in the text itself.  In addition, Table 5-4 discusses functions of wetlands (though not water bodies) but does not present conclusions on how those functions translate to downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature.  For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” is a function, but there is no conclusion on how this would affect downstream waters.    


Key Finding a:  The Panel agrees with this general statement about the hydrosphere and general interconnectivity of wetlands.    - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we The Panel suggests an additional key finding on the BIOLOGICAL FUNCTIONS of unidirectional wetlands:


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”	Comment by Murphy: Do we need to counter the sneer I heard from the audience about spawning salmon? It was BS. The ultimate beneficiary of the nutrients may be terrestrial and beyond the CWA; however, the transport process of bringing nutrients upstream to headwaters IS entirely aquatic and ecologically critical to these waters. But maybe that’s a lotic question (pun intended).


The Draft Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production.  In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments.  The functions and values of these wetlands may be severely compromised or absent and therefore may not have similar influences on downstream waters as natural wetlands may have.


Key Finding c - no suggestions for improvement in existing text. The Panel sSuggesteds an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above preceding finding on “hydrologic connectivity”: 


[bookmark: _GoBack]“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. . 1) Activities by of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”
	Comment by Murphy: Do we need something about disturbance as an adaptive trait in some communities or species? Invasive phreatophytes tend to famously follow the reduction in natural disturbance cycles. I am not sure this applies as much to wetlands, although I am wondering about some Florida examples of adverse hydro-regulation.	Comment by Murphy: ???? Distribution?





Key Finding g.  No suggestions for improvement in existing text.  


The Panel recommends adding including two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on the CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters.” 	Comment by Murphy: Like!


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We The Panel directs the authors to the following references in support of this last statement.





· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.
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Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP):
 wsrp@cc.umanitoba.ca
 
 
From:  [mailto:  On
 Behalf Of Lucinda Johnson
Sent: January-31-14 3:48 PM
To: Genevieve Ali; Armitage, Thomas; Goodman, Iris
Subject: G: your turn to edit. Please pass along to the next editor when you are
 done. Thanks..
 
thank you.
 
Lucinda
-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
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From: Jennifer Tank
To: Armitage, Thomas; rosimarshalle@caryinstitute.org
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the SAB Connectivity


 Panel"s report(no subject)
Date: Wednesday, February 26, 2014 9:32:15 AM


Hi Tom (with cc to Emma and Iris).
 
Thanks for your email and work putting the two sections together. Wow- those are indeed a lot of
 changes to meet the formatting requirements of the document.
 
I just wanted to let you know that Emma is currently en route to Australia at the moment, leaving
 today. The changes to her section are in my opinion quite extensive and I would not feel
 comfortable speaking for her or her group.
 
For example, the detailed references that they put together, that are referred to in specific
 recommendations in the document, are now all lumped at the back, together. While this may be the
 convention of previous reports, it somewhat defeats the purpose. If EPA wrote document and
 missed these citations, they will not be familiar enough to know which dealt with which specific
 comment. Plus I think it dilutes the quality and thoughtfulness of the recommendations. I think the
 format should be reconsidered in these cases. But I am speaking out of turn and Emma should make
 that call.
 
I will go through my part of the document Question 3B, on the clean version, as I can’t really read
 the red one, as there is so much red.
Take care,
Jen
 
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, February 26, 2014 2:50 AM
To: rosimarshalle@caryinstitute.org; Jennifer Tank
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge questions 3(a) and 3(b) for the SAB
 Connectivity Panel's report(no subject)
 
 
Hi Emma and Jennifer,
 
Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 3(a) and 3(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for SAB
 reports.  We have listed the recommendations as bullets at the end of each section in order to let
 the reader clearly see the SAB recommendations.
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Please review the attached draft of the charge question 3(a) and 3(b)(b) responses and send me any


 changes needed by Friday February 28th , or send me a response indicating that you agree with the
 edits.  We tried not to change the substance of your draft and only made editorial and format
 changes, so hopefully it won't require much time to review.
 
I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Emily Bernhardt
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the SAB Connectivity


 Panel"s report
Date: Wednesday, February 26, 2014 12:28:00 PM


Thanks Emily,
 
We will include the alternate version.
 
Tom
 


From: emily.  [mailto:emily.  On Behalf Of Emily Bernhardt
Sent: Tuesday, February 25, 2014 12:32 PM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the
 SAB Connectivity Panel's report
 
I like the alternate version much better. Thanks.
 
Emily
 


On Tue, Feb 25, 2014 at 12:06 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Emily,
 
Thank you for reviewing the revised charge question 5(b) response.  We added the text on line 8
 page 6 as an introduction and will remove that paragraph if you don’t want to include it.  Please let
 me know if you want us to delete it.
 
If you think it would be useful to include a brief introductory statement, Iris suggests the following
 alternative:
 
In responding to EPA’s findings and conclusions regarding connectivity among open waters and
 unidirectional (non-floodplain) wetlands and downstream waters (Section 1.43 of the Report), the
 SAB focused on knowledge drawn from the peer-reviewed literature, especially that:  (1)
 connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be
 described as a gradient that varies over space and time, and (3) that each contributes to of the
 downstream effects of multiple connectivity flowpaths.
 
Thanks,
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)


(b) (6) (b) (6)
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202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: emily.  [mailto:emily.  On Behalf Of Emily Bernhardt
Sent: Tuesday, February 25, 2014 9:43 AM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the
 SAB Connectivity Panel's report
 
Tom & Iris (& Lucinda)
 
I went through this carefully this morning. The reformatting and heading structure is very
 helpful to the document and I find the edits have only improved and clarified our intended
 message.
 
The only place that felt unfamiliar to me was this text beginning line 8 on p. 6
 
"In reviewing EPA’s findings and conclusions regarding connectivity among open waters and
 unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the
 Report), the SAB focused on: (1) conclusions that can be drawn from the peer-reviewed
 literature; (2) knowledge that connectivity occurs through multiple mechanisms, with each
 mechanism exhibiting variability in space and time; (3) knowledge that connectivity extends
 beyond hydrologic connectivity and each mechanism for connectivity varies in frequency,
 magnitude, and duration over space and time; and (4) knowledge that there are alternative
 ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of
 minimum hydrologic connection or the consideration of the downstream effects of multiple
 connectivity mechanisms."
Can you send me the original version of this text? I'm just not quite clear on what the point of
 this paragraph is. Is it necessary?
Emily
 
 


On Mon, Feb 24, 2014 at 4:34 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Hi Lucinda and Emily,
 
Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 5(a) and 5(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for SAB
 reports.  We have listed the recommendations as bullets at the end of each section in order to let
 the reader clearly see the SAB recommendations.  Please review the attached draft of the charge


 question 5(a) and 5(b)  responses and send me any changes needed by Thursday, February 27th , or
 send me a response indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report


(b) (6) (b) (6)
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 and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 


 
--
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)
 


 
--
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge question 1 for the SAB Connectivity Panel"s report
Date: Tuesday, February 25, 2014 4:15:39 PM


Hi Tom,
 
Sorry for the delay – I was out of town.  The changes that you made look great.  Thank you so much!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, February 19, 2014 6:48 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge question 1 for the SAB Connectivity
 Panel's report
 
Hi Amanda,
 
I have incorporated some suggested editorial changes into your response to charge question 1 for
 the SAB Connectivity Panel’s report.  The attached revised text is in the format used for SAB
 reports.  I thought it would be useful to list the recommendations as bullets at the end of each
 section of the Panel’s report.  I know this can be somewhat repetitive, but I think it allows readers to
 clearly see the recommendations.  Please review the attached draft of the charge question 1


 response and send me any changes needed by Wednesday, February 26th , or send me a response
 indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I have made.
 
As discussed, we will incorporate all of the charge question responses into a complete draft of the
 report (including a draft letter to the Administrator and executive summary) and I will send it to you
 for review. 
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Thanks very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge question 1 for the SAB Connectivity Panel"s report
Date: Wednesday, February 26, 2014 12:12:00 PM


Thanks Amanda,
 
We incorporated suggested edits into all of the charge question responses and sent them to the lead
 authors for review.  The edits were for consistency of style and format. We are now working on
 pulling together a complete draft of the report that will be sent to you for review.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Amanda D. Rodewald [mailto:arodewald@cornell.edu] 
Sent: Tuesday, February 25, 2014 4:16 PM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge question 1 for the SAB
 Connectivity Panel's report
 
Hi Tom,
 
Sorry for the delay – I was out of town.  The changes that you made look great.  Thank you so much!
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
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159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Wednesday, February 19, 2014 6:48 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: Please review suggested edits in the response to charge question 1 for the SAB Connectivity
 Panel's report
 
Hi Amanda,
 
I have incorporated some suggested editorial changes into your response to charge question 1 for
 the SAB Connectivity Panel’s report.  The attached revised text is in the format used for SAB
 reports.  I thought it would be useful to list the recommendations as bullets at the end of each
 section of the Panel’s report.  I know this can be somewhat repetitive, but I think it allows readers to
 clearly see the recommendations.  Please review the attached draft of the charge question 1


 response and send me any changes needed by Wednesday, February 26th , or send me a response
 indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I have made.
 
As discussed, we will incorporate all of the charge question responses into a complete draft of the
 report (including a draft letter to the Administrator and executive summary) and I will send it to you
 for review. 
 
Thanks very much,
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Emily Bernhardt
Cc: ljohnson@d.umn.edu; Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the SAB Connectivity


 Panel"s report
Date: Tuesday, February 25, 2014 12:05:00 PM


Emily,
 
Thank you for reviewing the revised charge question 5(b) response.  We added the text on line 8
 page 6 as an introduction and will remove that paragraph if you don’t want to include it.  Please let
 me know if you want us to delete it.
 
If you think it would be useful to include a brief introductory statement, Iris suggests the following
 alternative:
 
In responding to EPA’s findings and conclusions regarding connectivity among open waters and
 unidirectional (non-floodplain) wetlands and downstream waters (Section 1.43 of the Report), the
 SAB focused on knowledge drawn from the peer-reviewed literature, especially that:  (1)
 connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be
 described as a gradient that varies over space and time, and (3) that each contributes to of the
 downstream effects of multiple connectivity flowpaths.
 
Thanks,
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: .  [mailto  On Behalf Of Emily Bernhardt
Sent: Tuesday, February 25, 2014 9:43 AM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the
 SAB Connectivity Panel's report
 
Tom & Iris (& Lucinda)
 
I went through this carefully this morning. The reformatting and heading structure is very
 helpful to the document and I find the edits have only improved and clarified our intended
 message.
 
The only place that felt unfamiliar to me was this text beginning line 8 on p. 6
 
"In reviewing EPA’s findings and conclusions regarding connectivity among open waters and
 unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the


(b) (6) (b) (6)(b) (b) 







 Report), the SAB focused on: (1) conclusions that can be drawn from the peer-reviewed
 literature; (2) knowledge that connectivity occurs through multiple mechanisms, with each
 mechanism exhibiting variability in space and time; (3) knowledge that connectivity extends
 beyond hydrologic connectivity and each mechanism for connectivity varies in frequency,
 magnitude, and duration over space and time; and (4) knowledge that there are alternative
 ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of
 minimum hydrologic connection or the consideration of the downstream effects of multiple
 connectivity mechanisms."
Can you send me the original version of this text? I'm just not quite clear on what the point of
 this paragraph is. Is it necessary?
Emily
 
 


On Mon, Feb 24, 2014 at 4:34 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Hi Lucinda and Emily,
 
Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 5(a) and 5(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for SAB
 reports.  We have listed the recommendations as bullets at the end of each section in order to let
 the reader clearly see the SAB recommendations.  Please review the attached draft of the charge


 question 5(a) and 5(b)  responses and send me any changes needed by Thursday, February 27th , or
 send me a response indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300







 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 


 
--
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)
 












From: Armitage, Thomas
To: ljohnson@d.umn.edu
Cc: emily.bernhardt@duke.edu; Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the SAB Connectivity


 Panel"s report
Date: Tuesday, February 25, 2014 9:25:00 AM


Hi Lucinda,
 
Thanks Lucinda, Friday will be good.  We tried not to change the substance of your draft and only
 made editorial and format changes, so hopefully it won’t require much time to review.
 
Tom
 
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
 


From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: Monday, February 24, 2014 8:13 PM
To: Armitage, Thomas
Cc: emily.bernhardt@duke.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the
 SAB Connectivity Panel's report
 
Hi Tom and iris;
 
I have about 5 free minutes between now and Thursday, and am unlikely to be able to turn it
 around by then.  Can we shoot for Friday?
 
Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Mon, Feb 24, 2014 at 3:34 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Hi Lucinda and Emily,


(b) (6) (b) (6)
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Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 5(a) and 5(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for SAB
 reports.  We have listed the recommendations as bullets at the end of each section in order to let
 the reader clearly see the SAB recommendations.  Please review the attached draft of the charge


 question 5(a) and 5(b)  responses and send me any changes needed by Thursday, February 27th , or
 send me a response indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Armitage, Thomas
To: Siobhan Fennessy; Mazeika Sullivan
Cc: Goodman, Iris
Subject: RE: Please review suggested edits in the response to charge questions 4(a) and 4(b) for the SAB Connectivity


 Panel"s report
Date: Wednesday, February 26, 2014 1:35:00 PM


Thanks for reviewing the edits.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Wednesday, February 26, 2014 12:52 PM
To: Mazeika Sullivan
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 4(a) and 4(b) for the
 SAB Connectivity Panel's report(no subject)
 
Hi Tom, 
 
I've done the same and agree, feel free to send them on to the panel!
 
Best,
 
Siobhan 
 
On Feb 26, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Tom - 
 
I've read through the changes and they look fine to send to the entire Panel.
 
Thanks!
Mazeika


 
---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 
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Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
 


On Sun, Feb 23, 2014 at 10:23 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
 


Hi Siobhan and Mazeika,


 
I have incorporated some suggested editorial changes into your responses to charge questions 4(a)
 and 4(b) for the SAB Connectivity Panel’s report.  We must use a consistent format for all of the
 charge question responses and the attached revised text is in the format used for SAB reports.  I
 have listed the recommendations as bullets at the end of each section in order to let the reader to
 clearly see the SAB recommendations.  Please review the attached draft of the charge question 4(a)


 and 4(b)  responses and send me any changes needed by Thursday, February 27th , or send me a
 response indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I have made.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s report
 and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022
 
Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
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From: Jennifer Tank
To: Wohl,Ellen; Stanford, Jack
Cc: Armitage, Thomas
Subject: RE: Refined text for Charge Question 3b: your edits requested
Date: Wednesday, January 29, 2014 7:09:43 AM


Thanks Ellen for looking this over. I appreciate the feedback.
Once I hear back from Jack I will finish it off and send to Tom/Amanda/Iris!
Take care,
Jen
 
 


From: Wohl,Ellen [mailto:Ellen.Wohl@colostate.edu] 
Sent: Tuesday, January 28, 2014 1:19 PM
To: Jennifer Tank; Stanford, Jack
Cc: Armitage, Thomas
Subject: RE: Refined text for Charge Question 3b: your edits requested
 
Hi Jen
 
I think this looks very good, and don’t have any changes to suggest.
 
Thanks for doing this.
 
Ellen
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, January 24, 2014 9:57 AM
To: Wohl,Ellen; Stanford, Jack
Cc: Armitage, Thomas
Subject: Refined text for Charge Question 3b: your edits requested
 
Dear Ellen and Jack (with cc to Tom)
 
Please find a revised draft of the Question 3b summary text for your editing. After you all have
 chimed in, I will send finalized version to Tom, Amanda, and Iris with a cc to Emma (leading the
 Question 3a writing).
 
Hope 2014 is opening well for you all!
 
Take care,
Jen
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
192 galvin hall
university of notre dame                     
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notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Stanford, Jack
To: Jennifer Tank; Wohl,Ellen
Cc: Armitage, Thomas
Subject: RE: Refined text for Charge Question 3b: your edits requested
Date: Wednesday, January 29, 2014 12:22:46 PM
Attachments: EPA SAB Charge Question 3b 24Jan14 JAS edits.docx


Jennifer, My edits are in the attached document.  Use some or none.  Good work. 
 Thanks, Jack
 
From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Wednesday, January 29, 2014 5:09 AM
To: Wohl,Ellen; Stanford, Jack
Cc: Armitage, Thomas
Subject: RE: Refined text for Charge Question 3b: your edits requested
 
Thanks Ellen for looking this over. I appreciate the feedback.
Once I hear back from Jack I will finish it off and send to Tom/Amanda/Iris!
Take care,
Jen
 
 


From: Wohl,Ellen [mailto:Ellen.Wohl@colostate.edu] 
Sent: Tuesday, January 28, 2014 1:19 PM
To: Jennifer Tank; Stanford, Jack
Cc: Armitage, Thomas
Subject: RE: Refined text for Charge Question 3b: your edits requested
 
Hi Jen
 
I think this looks very good, and don’t have any changes to suggest.
 
Thanks for doing this.
 
Ellen
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, January 24, 2014 9:57 AM
To: Wohl,Ellen; Stanford, Jack
Cc: Armitage, Thomas
Subject: Refined text for Charge Question 3b: your edits requested
 
Dear Ellen and Jack (with cc to Tom)
 
Please find a revised draft of the Question 3b summary text for your editing. After you all have
 chimed in, I will send finalized version to Tom, Amanda, and Iris with a cc to Emma (leading the
 Question 3a writing).
 
Hope 2014 is opening well for you all!
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Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. In addition, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. 	Comment by Stanford, Jack: Streams that dry up at the surface generally are still flowing below ground.  So, again, dynamic ground-surface-water connections maintain ecological integrity of emphemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  
Perhaps add a sentence to this effect here.


Conclusions could also be strengthened by clarifying when headwaters provide critical habitat. For example, one could clarify how ephemeral streams are critical habitat and provide corridors to move among habitats. 





[bookmark: _GoBack]3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. For example some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. FOR For example, flow in arid streams in urban environments can be dominated by urban waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM, ); and these arid streams contrast thus, management issues contrast greatly with the ones situations described in the case study for arid streams. highlighted in the case study. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally and this changes across regions. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35,36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  


1









 
Take care,
Jen
 
<º((((><¸.·´¯`·.¸N¸¸.·´¯`·.¸`·.¸N¸..·´¯`·.¸N¸.·´¯`·.¸><((((º>             
dr. jennifer l. tank               
ludmilla f. and stephen j. galla professor
department of biological sciences   
192 galvin hall
university of notre dame                     
notre dame, IN 46556        
 
email: tank.1@nd.edu
phone: 574.631.3976
fax: 574.631.7413
<º((((><¸.·´¯`·.N¸¸¸.·´¯`·.¸`·.N¸¸..·´¯`·.N¸¸.·´¯`·.¸><((((º>  
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From: Armitage, Thomas
To: Mike Josselyn
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu
Subject: RE: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft responses to charge


 questions 5(a) and 5 (b)
Date: Wednesday, January 29, 2014 12:52:00 PM


Thank you Mike.  Hope you will be able to be on part of the call.
 
Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Mike Josselyn [mailto:josselyn@wra-ca.com] 
Sent: Wednesday, January 29, 2014 12:51 PM
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu
Cc: Armitage, Thomas
Subject: Re: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft
 responses to charge questions 5(a) and 5 (b)
 


 I will try to join for a portion of the call while sitting in plane. 
 
My apologies though I have seen lots of 
"Unidirectional wetlands" from the air over the arid west.  


Sent from my iPhone


On Jan 28, 2014, at 7:51 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Charge question 5 subgroup members,
 
This is a reminder that there will be a subgroup conference call tomorrow, Wednesday,


 January 29th , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses
 to charge questions 5(a) and 5(b).  Call in number: 1-866-299-3188, conference code
 2023439995#.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)


(b) (6)
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202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Tuesday, January 21, 2014 12:11 PM
To: Genevieve Ali; Mike Josselyn; ljohnson@d.umn.edu; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; Amanda D. Rodewald
Subject: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Dear Charge Question 5(a)/5(b) subgroup members,
 
I have scheduled a subgroup teleconference on Wednesday, January 29th from
 1:00 - 2:00 p.m. (Eastern Time) to discuss the draft responses to charge
 questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in,
 please enter the following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 
Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


<Lentic_systems_5A_and_5B_merged_1_17_14LBJ.DOCX>
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From: Genevieve Ali
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu
Subject: RE: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft responses to charge


 questions 5(a) and 5 (b)
Date: Wednesday, January 29, 2014 2:36:22 PM
Attachments: Additional references on road connectivity and pothole hydrological dynamics - 29 Jan 2014.docx


Hi Lucinda and Tom,
I have a list of references attached. Many thanks for organizing the call and pulling things together,
G.
 
-- 


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP): wsrp@cc.umanitoba.ca
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: January-28-14 9:52 AM
To: Genevieve Ali; josselyn@wra-ca.com; ljohnson@d.umn.edu; rpb2@psu.edu;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; adr79@cornell.edu
Subject: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft
 responses to charge questions 5(a) and 5 (b)
 
Charge question 5 subgroup members,
 


This is a reminder that there will be a subgroup conference call tomorrow, Wednesday, January 29th


 , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses to charge questions 5(a)
 and 5(b).  Call in number: 1-866-299-3188, conference code 2023439995#.
 
Tom Armitage
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Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence


Suggestions of additional references – Genevieve Ali
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**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Tuesday, January 21, 2014 12:11 PM
To: Genevieve Ali; Mike Josselyn; ljohnson@d.umn.edu; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; Amanda D. Rodewald
Subject: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Dear Charge Question 5(a)/5(b) subgroup members,
 
I have scheduled a subgroup teleconference on Wednesday, January 29th from 1:00 - 2:00
 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter the
 following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 
Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Rains, Mark
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by Friday,


 January 31st
Date: Monday, February 03, 2014 9:16:00 AM


Mark,


Thanks for sending your subgroup's response to charge question #2.


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Friday, January 31, 2014 11:31 PM
To: Armitage, Thomas
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Attached.


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Wednesday, January 29, 2014 5:19 PM
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; fennessym@kenyon.edu; sullivan.191@osu.edu;
 rosimarshalle@caryinstitute.org; tank.1@nd.edu; Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Dear SAB Connectivity Panel Lead Writers,


Thank you for your work to develop the written responses for your assigned charge questions.  This is a reminder
 that Iris and I would like to receive your write-ups by Friday, January 31st.  We will work with Dr. Rodewald to
 incorporate the charge question responses into an integrated draft report that will be sent to the entire Panel for
 review and discussion on a teleconference.


Regards,


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Rains, Mark
To: Armitage, Thomas
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by Friday,


 January 31st
Date: Friday, January 31, 2014 11:31:56 PM
Attachments: Charge_Question_2_rev013114.docx


Attached.


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Wednesday, January 29, 2014 5:19 PM
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; fennessym@kenyon.edu; sullivan.191@osu.edu;
 rosimarshalle@caryinstitute.org; tank.1@nd.edu; Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Dear SAB Connectivity Panel Lead Writers,


Thank you for your work to develop the written responses for your assigned charge questions.  This is a reminder
 that Iris and I would like to receive your write-ups by Friday, January 31st.  We will work with Dr. Rodewald to
 incorporate the charge question responses into an integrated draft report that will be sent to the entire Panel for
 review and discussion on a teleconference.


Regards,


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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CHARGE QUESTION 2: RAINS, KALIN, KOLM, AND MEYER





GENERAL IMPRESSIONS AND SUMMARY OF COMMENTS





· The literature review is thorough, technically accurate, and readable. This generally does not need to be changed, though the literature review could be strengthened by some technical editing. However, the conceptual framework needs to be revised and clearly articulated in the beginning of the chapter to better enable the reader to access and understand the material.


· Connectivity needs to be defined and discussed at the beginning of the chapter. Connectivity can be defined in many ways, and it is essential that the way that you define it is clear and concise. Connectivity should be extended to the entire landscape though a broad vision of local- to landscape-scale hydrological, chemical, and biological exchanges


· The scope of the report needs to be clearly delineated. Waters and wetlands as covered in this report could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which being covered by the Clean Water Act as set forth under 33 CFR 328.3. [Cowardin et al. (1979) is already cited in the report.]


· The conceptual framework needs to be revised and explicitly set apart from the details that follow, with a flowpath focus showing that watersheds are connected from “ridge to reef”, and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths. The conceptual framework should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure will show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 


· A classification system could then be mapped onto that framework, with an explicit statement that this classification system is used as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto this flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply conveneient ways to bound the landscape for discussion purposes.


· Groundwater connectivity, including regional groundwater connectivity across watershed divides, needs to be better defined and described in the context of connectivity between waters and wetlands and downgradient waters.


· Biological connectivity needs to be better defined and described in the context of connectivity between waters and wetlands and downgradient waters. 


· The terms bidirectional and unidirectional do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature.


· The term geographically isolated wetlands is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected and that a fundamental finding of this review is that all waters and wetlands are connected at sufficiently long time scales. The term also is not used for organizational purposes in this report. We therefore recommend that you define geographically isolated wetlands in terms of the literature, explain that the term geographically isolated wetlands does not imply functional isolation, and then not use the term elsewhere in this report to the extent possible.


· Once you have described the flowpath framework and explained how the flowpath framework is used in this report, then you should start layering on the complexity. Of particular importance are the following.


· Begin by layering your function framework on the flowpath framework, noting that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales are critical to a discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· You should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This would better enable readers to place the report in their own regional context.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection. 


· The important issue of map resolution is mentioned in several parts of the report, but it needs to be more clearly and thoroughly presented in a separate section.


· Add a summary and synthesis to the end of the chapter, perhaps using what is currently Figure 6.1 to frame the discussion.





DETAILED COMMENTS





Clearly Define Connectivity





Connectivity needs to be defined and discussed at the beginning of this chapter. Currently, connectivity isn’t defined until p. 3-28, long after much of the conceptual framework, such as it currently is, has been presented and discussed. Connectivity should be extended to the entire landscape – not just to waters and wetlands but to entire watersheds and underlying aquifers – though a broader vision of local- to landscape-scale hydrological, chemical, and biological exchanges. This definition and discussion could be brief at this point, with the many details and nuances to follow.





Clearly Define the Scope of the Report





The scope of this report also needs to be defined and discussed at the beginning of this chapter. Connectivity may extend to the entire landscape, but this report centrally concerns connectivity between waters and wetlands and downgradient waters. Once this is established, it is essential that the report clearly define waters and wetlands. Some panel members were confused by the scope, and began drifting off of waters and wetlands and onto the broader landscape – floodplains in general, for example. Furthermore, many public commenters were concerned about the potential expansion of the scope of the underlying Clean Water Act –from “three-parameter” to “one-parameter” waters and wetlands, for example. These confusions and concerns could be addressed in a very clear section on the scope of the report immediately following the section on the definition of connectivity. Waters and wetlands could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. [Cowardin et al. (1979) is already cited in the report.] We recognize that this is a scientific and not a policy report, but believe that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.





Use a Flowpath Framework





As currently written this chapter is heavy on detail but light on a conceptual framework with which to organize the detail. Lacking that explicit conceptual framework, the details are difficult to categorize and organize. This could be resolved with the presentation and discussion of a conceptual framework at the beginning of the chapter. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef”, and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward, 1989). [Ward (1989) is already cited in the report.]The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occurs at varying rates determined by primarily by climate, geology, and relief and primarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 





This could all be briefly presented and discussed in the context of a revised Figure 1-1, which could be moved to here and expanded to include at least some representative hydrological, chemical, and biological flowpaths, with each representative type of flowpath being color coded (e.g., hydrological=blue, chemical =red, and biological=green). In other words, Figure 1-1 would instead become Figure 3-1, though we continue to refer to it as revised Figure 1-1 in this review. Hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (Think, for example, of the Ogallala aquifer, which underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, which underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina.) Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as nutrient spiraling showing tight spiraling in the uplands giving way to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds who eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef”, and “reef to ridge”, and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, this figure could get almost infinitely complex and equally incomprehensible, so it would be important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the report. The USGS has published numerous reports and teaching tools on groundwater connectivity, including example flowpath frameworks expressed in block diagrams (Heath, 1983; 1984; Winter et al., 1998). [Heath, RC. 1983. Basic Ground-Water Hydrology. US Geological Survey Water Supply Paper 2220, US Government Printing Office, Washington, DC. AND Heath, RC. 1984. Ground-Water Regions of the United States. US Geological Survey Water Supply Paper 2242, US Government Printing Office, Washington, DC. AND Winter, TC, Harvey, JW, Franke, OL, and Alley, WM. 1998. Ground Water and Surface Water: A Single Resource. US Geological Survey Circular 1139, US Government Printing Office, Washington, DC.] Care should be taken not to imply that bedrock is impermeable, because groundwater flows through bedrock are important hydrologic flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al., 1996). [Roses, TP, Davisson, ML, and Criss, RE. 1996. Isotope hydrology of voluminous cold springs in fractured rock from an active volcanic region, northeastern California. Journal of Hydrology 179:207–236.]
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A very important next step would be to state how this conceptual framework is used in this report. We would generally prefer that connectivity be discussed as a continuous phenomenon. However, we understand that you believe that you can better communicate if the landscape is discussed discretely, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This is fine, as long as this discrete classification is mapped onto the continuous conceptual framework. This could be done by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, you could remove all of the flowpaths and add the classification system showing the three landscape settings, i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. Then, in the third block diagram, you could merge the first and second block diagrams, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





There are some omissions, inconsistencies, and errors in the hydrology sections. Many of these are better discussed in the line-by-line comments, but hillslope hydrology is discussed independently here, because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef”, and potentially passing through or otherwise interacting with waters and wetlands along the way. You should clearly describe the four pathways by which water flows across the landscape: infiltration-excess overland flow, saturation-excess overland flow, interflow, and saturated groundwater flow. 





· Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, so excess rainfall runs overland even though the water table is still below the ground surface. This is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). [Horton, RE. 1945. Erosional development of streams and their drainage basins; Hydrophysical approach to quantitative morphology. Geological Society of America Bulletin 56:275–370.]


· Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.]


· Interflow: This is rapid lateral flow in the unsaturated zone. It commonly occurs because there are interconnected macropores above a low-permeability layer, so infiltrating rainfall is intercepted and channeled into the interconnected macropores where it flows in what is essentially a subsurface pipe (e.g., Beven and Germann, 1982). [Beven, K, Germann, P. 1982. Macropores and water flow in soils. Water Resources Research 18:1311–1325.]


· Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall makes it to the water table and then flows laterally along with the general flow in that aquifer.





You should further discuss variable source areas, and how they expand and contract and therefore change the way that landscapes connect through storms and seasons (Dunne and Black, 1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.] This has particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which being highly variable in space and time. This is a critical shortcoming of the current version of the report, because it is through variable source area expansion that waters and wetlands in non-riparian/non-floodplain settings can intermittently or ephemerally become the headward extent of headwater streams (e.g., Rains et al., 2006; 2008). [Rains et al. (2006; 2008) are already cited in the report.] In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons we would generally prefer that connectivity be discussed as a continuous phenomenon. Again, however, we understand that you believe that you can better communicate if the landscape is discussed discretely. Perhaps the way around this problem is to clearly state that the lines delineating these categories are conceptual and/or fluid, i.e., that there are no fixed bright lines between the categories.








To better understand groundwater connectivity, and the way that groundwater connectivity might vary spatially, you might consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (http://www.astm.org/Standards/D5979.htm). This was developed under funding from the EPA and has proven to be an effective way to characterize groundwater systems in diverse hydrogeological settings (e.g., Kolm et al., 1996). [Kolm, KE, van der Heijde, PKM, Downey, JS, and Gutentag, ED. 1996. Conceptualization and characterization of ground-water systems. In Ritchey, JD, and Rumbaugh, JO (eds.), Subsurface Fluid-Flow (Ground-Water and Vadose Zone) Modeling, ASTM STP 1288, American Society for Testing and Materials, West Conshohocken, PA.] To better characterize regional-scale groundwater connectivity, you might also consider using findings from the US Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Particularly important is an understanding of unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), to name a few unique hydrogeological settings covered by the RASA Program. More information including a complete list of aquifer systems covered by the RASA Program can be found in Sun et al. (1991). [Sun, RJ, Weeks, JB, and Grubb, HF. 1991. Bibliography of Regional Aquifer-System Analysis Program of the US Geological Survey, 1978-91. US Department of the Interior, Washington, DC.]





You also should make better use of evidence of biological connectivity. Organisms use habitats dispersed throughout watersheds that are critical to their life-history requirements (i.e., they cannot complete their life cycle without them), and move among these habitats during and often throughout their life cycles (e.g., Schlosser and Angermeier, 1995; Falke et al., 2010). [Schlosser, IJ, and Angermeier, PL. 1995. Spatial variation in demographic processes of lotic fishes: conceptual models, empirical evidence, and implications for conservation. American Fisheries Society Symposium 17:392—401. Falke et al. (2010) is already cited in the report.] Some species maintain populations in downgradient waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. These species range across many different taxa, even within fish. The examples used in the report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish living only in freshwater, and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals, require these habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, these populations decline, become threatened or endangered (or otherwise imperiled), or are extirpated entirely, showing that this connectivity is a key to the biological integrity of downgradient waters. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Revise and Define the Terminology Used in the Report





With regards to your discrete categories, we strongly believe that bidirectional and unidirectional are misleading terms. As we’ve previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward, 1989). [Ward (1989) is already cited in the report.] Bidirectional and unidirectional certainly describe a key difference—in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Though an important difference, this difference does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, we recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings”. These terms would employ a commonly understood classification system that is grounded to the literature–important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire report. 





This also seems the appropriate point for our review to address another category, that being geographically isolated wetlands. The term by itself is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space” but are defined in the report to mean “wetlands surrounded by uplands”. These are very different definitions, meaning that this is an 11-syllable term (i.e., geographically isolated wetlands) that inadequately describes an eight-syllable phenomenon (i.e., wetlands surrounded by uplands). Nevertheless, this term has been established in the literature and has made it into common use (e.g., Tiner, 2003b; 2003c). [Tiner (2003b; 2003c) are already cited in the report.] Therefore, it should not be ignored. However, the flowpath framework we recommend you adopt implies that there are no isolated waters or wetlands. Furthermore, elsewhere in this review, we state that all waters and wetlands are connected over sufficiently long time scales, a conclusion we believe your review already supports. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term geographically isolated wetlands runs counter to the basic conceptual framework and one of the central findings of this review. A final point is that the term geographically isolated wetlands doesn’t even fit into your conceptual framework, in that you explicitly state that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. We therefore recommend that you take this opportunity to carefully define geographically isolated wetlands in terms of the literature, explain that the term geographically isolated wetlands was never meant to imply functional isolation, and then further explain that you will not be using the term as an organizational term in this report. We further recommend that you then remove the term from later sections of the report or, at the very least, ensure the term is used consistently and not interchangeably with other terms, as you do on occasion in the section on unidirectional wetlands.





Layer Complexity on the Conceptual Framework





Once you have described the flowpath framework and explained how the flowpath framework is used in this report, then you should start layering on the complexity. We recognize that some of these issues are currently addressed elsewhere in the report. In those cases, we may only be suggesting that they either be expanded upon or simply be moved to this earlier section outlining the major concepts underlying the conceptual framework.





Functions





You might begin by layering your function framework on the flowpath framework, noting that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. The importance of doing so here is that you can explain up front that some functions are enhanced by connectivity, others by relative isolation. This is an important point, one that you implicitly make throughout the report and explicitly make in the section on unidirectional wetlands. Stating as much explicitly in terms of these functions here will help you better make those implicit and explicit cases later.





Spatial and Temporal Scales





Spatial and temporal scales are critical to a discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events, which can be important to the chemical, physical, and biological integrity of downgradient waters if the effects are long lived or the cumulative effects are important. The former might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though they occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades. The latter might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki, 2007). [Izbicki, JA. 2007. Physical and temporal isolation of mountain headwater streams in the western Mojave Desert, southern California. Journal of the American Water Resources Association 43:26—40.] The report could compare and contrast the humid east and the arid southwest, noting that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitude events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitude events. The latter are no less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity isn’t just a function of the frequency or duration of the connection. Perhaps one way to conceptualize this is a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands, which would go a long way toward helping readers better understand their regional context in regards to this issue.





Human Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in your conceptual framework should be addressed explicitly. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions – which you broadly classify as source, sink, lag, transformation, and refuge functions – at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed), each of which constituting alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Forcings and Regionalization





One problem repeatedly identified by both the reviewers and public commenters is that the report fails to provide an adequate framework for regionalization, especially for endmembers such as Hawai’i and Alaska. You therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This would not represent a large departure from what you have already tried to do, because HLRs are fundamentally a function of climate, geology, and relief, which you already recognize as central controls on watershed hydrology. Using the HLR framework would ground your discussion to consistent terminology, which would help because you currently bounce around a bit, sometimes saying climate, geology, and relief, other times saying climate and watershed characteristics, and sometimes focusing only on climate. Using the HLR framework also would ground your discussion to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that we know much more about connectivity in some settings than others. You could end by explicitly recommending that readers use the HLR framework as a way to better understand the relevance of your findings to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible at sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 would make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 





Cumulative effects could be defined as a population attribute of all headwater streams in the watershed (i.e., a river network statistical attribute). This implies that there might be no measurable effect on downgradient waters if a small number of those headwater streams were to be impacted but that there might be substantial and possibly cascading effects on downgradient waters if a sufficient number of those headwater streams were to be impacted. Therefore, attempts to evaluate changes to individual waters and wetlands need to be considered in the context of past and planned alterations of other waters and wetlands in the watershed. Thus, the extent of the effect on downgradient waters rests on a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, consider a watershed in which the recurrence interval of debris flows on headwater streams is once in 200 years. Under these conditions, the probability of a debris flow on any given headwater stream in a given year is 0.5% and therefore that headwater stream might have a negligible effect on fish habitat in the downgradient waters. However, at the watershed scale, there are many hundreds of headwater streams. Under these conditions, the probability of a debris flow in the population of headwater streams in a given year is much higher and therefore the population of headwater streams might have substantial and controlling effects on fish habitats in the downgradient waters.





Cumulative effects have been clearly demonstrated in the scientific literature; a Google Scholar search on the words “epa cumulative effects wetlands” retrieves many results, many of which being funded, authored, and/or published by the EPA. Therefore, you should have no difficulty in finding sufficient peer-reviewed literature for this new subsection.





Map Scale





The important issue of map resolution is mentioned in several parts of the report, but it needs to be more clearly and thoroughly presented in a separate section. It could be effectively illustrated in a figure comparing the results of using different technologies that provides essential information for the reader, including the lay public. A related topic is the increasing availability of LiDAR digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of this document understand that many databases fail to include small streams and the magnitude of the problem. For example, in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed (Meyer and Wallace, 2001). [Meyer and Wallace (2001) is already cited in the report.] The increasing availability of high resolution DEMs (including the National Elevation Dataset [NED] 10 m DEM) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrologic, geomorphic and ecological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances in technology.





Add a Summary and Synthesis at the End of the Chapter





This entire chapter ends abruptly, with no summary or synthesis. We recommend that you consider moving Figure 6.1 to the end of this chapter, using it as a means to summarize and synthesize your conceptual model and how your conceptual model guides the way that you are thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well here, rather than being somewhat lost at the end of the entire report in a chapter many will not read in any detail.
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CHARGE QUESTION 2: RAINS, KALIN, KOLM, AND MEYER





GENERAL IMPRESSIONS AND SUMMARY OF COMMENTS





· The literature review is thorough, technically accurate, and readable. This generally does not need to be changed, though the literature review could be strengthened by some technical editing. However, the conceptual framework needs to be revised and clearly articulated in the beginning of the chapter to better enable the reader to access and understand the material.


· Connectivity needs to be defined and discussed at the beginning of the chapter. Connectivity can be defined in many ways, and it is essential that the way that you define it is clear and concise. Connectivity should be extended to the entire landscape though a broad vision of local- to landscape-scale hydrological, chemical, and biological exchanges


· The scope of the report needs to be clearly delineated. Waters and wetlands as covered in this report could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which being covered by the Clean Water Act as set forth under 33 CFR 328.3. [Cowardin et al. (1979) is already cited in the report.]


· The conceptual framework needs to be revised and explicitly set apart from the details that follow, with a flowpath focus showing that watersheds are connected from “ridge to reef”, and that waters and wetlands in the landscape are therefore connected to downgradient waters by hydrological (surface and subsurface), chemical, and biological flowpaths. The conceptual framework should generally express the importance of climate, geology (surface and subsurface), and relief on flow and transport (e.g., hydrological and chemical connectivity). The resulting three-dimensional structure will show potential surface, near surface, and subsurface pathways, which then can be analyzed in terms of hydrological, chemical, and biological connectivity in four dimensions (i.e., with the temporal dimension included). 


· A classification system could then be mapped onto that framework, with an explicit statement that this classification system is used as a communication tool. For example, rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings could be mapped onto this flowpath framework, explicitly showing that connections span these boundaries and that the boundaries are simply conveneient ways to bound the landscape for discussion purposes.


· Groundwater connectivity, including regional groundwater connectivity across watershed divides, needs to be better defined and described in the context of connectivity between waters and wetlands and downgradient waters.


· Biological connectivity needs to be better defined and described in the context of connectivity between waters and wetlands and downgradient waters. 


· The terms bidirectional and unidirectional do not adequately describe the four-dimensional nature of connectivity. These terms should be replaced with more commonly understood terms that are grounded in the peer-reviewed literature.


· The term geographically isolated wetlands is misleading because it implies isolation in spite of the fact that the flowpath framework implies that all parts of the watershed are connected and that a fundamental finding of this review is that all waters and wetlands are connected at sufficiently long time scales. The term also is not used for organizational purposes in this report. We therefore recommend that you define geographically isolated wetlands in terms of the literature, explain that the term geographically isolated wetlands does not imply functional isolation, and then not use the term elsewhere in this report to the extent possible.


· Once you have described the flowpath framework and explained how the flowpath framework is used in this report, then you should start layering on the complexity. Of particular importance are the following.


· Begin by layering your function framework on the flowpath framework, noting that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. 


· Spatial and temporal scales are critical to a discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events. 


· The role that human alterations play in the conceptual framework should be addressed explicitly.


· You should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This would better enable readers to place the report in their own regional context.


· The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection. 


· The important issue of map resolution is mentioned in several parts of the report, but it needs to be more clearly and thoroughly presented in a separate section.


· Add a summary and synthesis to the end of the chapter, perhaps using what is currently Figure 6.1 to frame the discussion.





DETAILED COMMENTS





Clearly Define Connectivity





Connectivity needs to be defined and discussed at the beginning of this chapter. Currently, connectivity isn’t defined until p. 3-28, long after much of the conceptual framework, such as it currently is, has been presented and discussed. Connectivity should be extended to the entire landscape – not just to waters and wetlands but to entire watersheds and underlying aquifers – though a broader vision of local- to landscape-scale hydrological, chemical, and biological exchanges. This definition and discussion could be brief at this point, with the many details and nuances to follow.





Clearly Define the Scope of the Report





The scope of this report also needs to be defined and discussed at the beginning of this chapter. Connectivity may extend to the entire landscape, but this report centrally concerns connectivity between waters and wetlands and downgradient waters. Once this is established, it is essential that the report clearly define waters and wetlands. Some panel members were confused by the scope, and began drifting off of waters and wetlands and onto the broader landscape – floodplains in general, for example. Furthermore, many public commenters were concerned about the potential expansion of the scope of the underlying Clean Water Act –from “three-parameter” to “one-parameter” waters and wetlands, for example. These confusions and concerns could be addressed in a very clear section on the scope of the report immediately following the section on the definition of connectivity. Waters and wetlands could be clearly defined as being a large set of waters and wetlands as defined by Cowardin et al. (1979), a subset of which is covered by the Clean Water Act as set forth under 33 CFR 328.3. [Cowardin et al. (1979) is already cited in the report.] We recognize that this is a scientific and not a policy report, but believe that ignoring this distinction only serves to create unnecessary confusion and concern among the readership.





Use a Flowpath Framework





As currently written this chapter is heavy on detail but light on a conceptual framework with which to organize the detail. Lacking that explicit conceptual framework, the details are difficult to categorize and organize. This could be resolved with the presentation and discussion of a conceptual framework at the beginning of the chapter. This conceptual framework could be expressed as continuous hydrological (surface and subsurface), chemical, and biological flowpaths connecting watersheds from “ridge to reef”, and therefore connecting waters and wetlands to downgradient waters. The flowpath framework should highlight the four-dimensional nature of connectivity, because four-dimensional connectivity scaled in a habitat to catchment context is a foundational aspect of freshwater ecology (e.g., Ward, 1989). [Ward (1989) is already cited in the report.]The flux and transformation of water, materials, and organisms – which fundamentally control the integrity of downgradient freshwater ecosystems – occurs at varying rates determined by primarily by climate, geology, and relief and primarily expressed in terms of surface-water and groundwater storage and flow through the landscape (e.g., uplands, wetlands, lakes, rivers and floodplains). Therefore, these flowpaths are inherently multi-directional (i.e., longitudinal, lateral, vertical, and through time). 





This could all be briefly presented and discussed in the context of a revised Figure 1-1, which could be moved to here and expanded to include at least some representative hydrological, chemical, and biological flowpaths, with each representative type of flowpath being color coded (e.g., hydrological=blue, chemical =red, and biological=green). In other words, Figure 1-1 would instead become Figure 3-1, though we continue to refer to it as revised Figure 1-1 in this review. Hydrological flowpaths should be expressed in terms of both surface-water and groundwater flowpaths, with the latter including the potential for groundwater connections to cross watershed boundaries. (Think, for example, of the Ogallala aquifer, which underlies parts of South Dakota, Nebraska, Wyoming, Colorado, Kansas, Oklahoma, New Mexico, and Texas, and the Floridan aquifer, which underlies all of Florida as well as portions of Mississippi, Alabama, Georgia, and South Carolina.) Chemical flowpaths should be expressed as largely following hydrological flowpaths, with subtle differences such as nutrient spiraling showing tight spiraling in the uplands giving way to increasingly open spiraling from the headwaters to the outlet. However, chemical flowpaths could also be expressed as sometimes following biological flowpaths, with examples including marine-derived nutrients being transported to headwater streams by anadromous fish and nutrients being transported between waters and wetlands by birds who eat in one location and defecate in another. Biological flowpaths should be expressed as aquatic, terrestrial, and aerial flowpaths connecting watersheds internally, “ridge to reef”, and “reef to ridge”, and including the potential for biological connections to cross watershed boundaries. Taken to the extreme, this figure could get almost infinitely complex and equally incomprehensible, so it would be important to clearly state that this is a conceptual framework with representative rather than complete flowpaths.





Groundwater connectivity, in particular, could be better represented in the report. The USGS has published numerous reports and teaching tools on groundwater connectivity, including example flowpath frameworks expressed in block diagrams (Heath, 1983; 1984; Winter et al., 1998). [Heath, RC. 1983. Basic Ground-Water Hydrology. US Geological Survey Water Supply Paper 2220, US Government Printing Office, Washington, DC. AND Heath, RC. 1984. Ground-Water Regions of the United States. US Geological Survey Water Supply Paper 2242, US Government Printing Office, Washington, DC. AND Winter, TC, Harvey, JW, Franke, OL, and Alley, WM. 1998. Ground Water and Surface Water: A Single Resource. US Geological Survey Circular 1139, US Government Printing Office, Washington, DC.] Care should be taken not to imply that bedrock is impermeable, because groundwater flows through bedrock are important hydrologic flowpaths that connect hydrologic landscapes over long distances and often across watershed boundaries (e.g., Roses et al., 1996). [Roses, TP, Davisson, ML, and Criss, RE. 1996. Isotope hydrology of voluminous cold springs in fractured rock from an active volcanic region, northeastern California. Journal of Hydrology 179:207–236.]


[bookmark: _GoBack]


A very important next step would be to state how this conceptual framework is used in this report. We would generally prefer that connectivity be discussed as a continuous phenomenon. However, we understand that you believe that you can better communicate if the landscape is discussed discretely, with separate sections for rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. This is fine, as long as this discrete classification is mapped onto the continuous conceptual framework. This could be done by adding two panels to the revised Figure 1-1 described above, using the same base block diagram. In the second block diagram, you could remove all of the flowpaths and add the classification system showing the three landscape settings, i.e., rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings. Then, in the third block diagram, you could merge the first and second block diagrams, clearly showing that the continuous phenomena (i.e., the hydrological, chemical, and biological flowpaths) interact across the discrete landscape settings (i.e., connect rivers and streams, waters and wetlands in riparian/floodplain settings, and waters and wetlands in non-riparian/non-floodplain settings to one another at the landscape scale). 





There are some omissions, inconsistencies, and errors in the hydrology sections. Many of these are better discussed in the line-by-line comments, but hillslope hydrology is discussed independently here, because it is so central to the flowpath framework connecting all parts of the watershed, with water flowing from the “ridge to the reef”, and potentially passing through or otherwise interacting with waters and wetlands along the way. You should clearly describe the four pathways by which water flows across the landscape: infiltration-excess overland flow, saturation-excess overland flow, interflow, and saturated groundwater flow. 





· Infiltration-Excess Overland Flow: This is the overland flow that occurs when the rainfall rate exceeds the infiltration rate, so excess rainfall runs overland even though the water table is still below the ground surface. This is also known as Hortonian overland flow because it was first described in the literature by Horton (1945). [Horton, RE. 1945. Erosional development of streams and their drainage basins; Hydrophysical approach to quantitative morphology. Geological Society of America Bulletin 56:275–370.]


· Saturation-Excess Overland Flow: This is the overland flow that occurs when the water table rises to the surface, so all additional rainfall runs overland. This is also known as Dunne’s mechanism because it was first described by Dunne and Black (1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.]


· Interflow: This is rapid lateral flow in the unsaturated zone. It commonly occurs because there are interconnected macropores above a low-permeability layer, so infiltrating rainfall is intercepted and channeled into the interconnected macropores where it flows in what is essentially a subsurface pipe (e.g., Beven and Germann, 1982). [Beven, K, Germann, P. 1982. Macropores and water flow in soils. Water Resources Research 18:1311–1325.]


· Saturated Groundwater Flow: This is the normal saturated groundwater flow, where infiltrating rainfall makes it to the water table and then flows laterally along with the general flow in that aquifer.





You should further discuss variable source areas, and how they expand and contract and therefore change the way that landscapes connect through storms and seasons (Dunne and Black, 1970). [Dunne, T, Black, RD. 1970. Partial area contributions to storm runoff in a small New England watershed. Water Resources Research 6:1296—1311.] This has particularly important implications in regards to both infiltration-excess and saturation-excess overland flow, both of which being highly variable in space and time. This is a critical shortcoming of the current version of the report, because it is through variable source area expansion that waters and wetlands in non-riparian/non-floodplain settings can intermittently or ephemerally become the headward extent of headwater streams (e.g., Rains et al., 2006; 2008). [Rains et al. (2006; 2008) are already cited in the report.] In other words, these waters and wetlands can functionally change landscape position, from functionally being waters and wetlands in non-riparian/non-floodplain settings under some conditions to functionally being rivers and streams under other conditions. This type of switching behavior is one of the reasons we would generally prefer that connectivity be discussed as a continuous phenomenon. Again, however, we understand that you believe that you can better communicate if the landscape is discussed discretely. Perhaps the way around this problem is to clearly state that the lines delineating these categories are conceptual and/or fluid, i.e., that there are no fixed bright lines between the categories.








To better understand groundwater connectivity, and the way that groundwater connectivity might vary spatially, you might consider using the ASTM D5979-96 Standard Guide for Conceptualization and Characterization of Groundwater Systems (http://www.astm.org/Standards/D5979.htm). This was developed under funding from the EPA and has proven to be an effective way to characterize groundwater systems in diverse hydrogeological settings (e.g., Kolm et al., 1996). [Kolm, KE, van der Heijde, PKM, Downey, JS, and Gutentag, ED. 1996. Conceptualization and characterization of ground-water systems. In Ritchey, JD, and Rumbaugh, JO (eds.), Subsurface Fluid-Flow (Ground-Water and Vadose Zone) Modeling, ASTM STP 1288, American Society for Testing and Materials, West Conshohocken, PA.] To better characterize regional-scale groundwater connectivity, you might also consider using findings from the US Geological Survey Regional Aquifer Systems Analysis (RASA) Program. An understanding of regional groundwater flow systems is critical to the understanding of four-dimensional hydrologic connectivity on both the local and regional scales. Particularly important is an understanding of unique hydrogeologic settings, including the Floridan aquifer system (karst systems), the High Plains aquifer system (semi-arid systems), and the Snake River Plain aquifer system (volcanic bedrock systems), to name a few unique hydrogeological settings covered by the RASA Program. More information including a complete list of aquifer systems covered by the RASA Program can be found in Sun et al. (1991). [Sun, RJ, Weeks, JB, and Grubb, HF. 1991. Bibliography of Regional Aquifer-System Analysis Program of the US Geological Survey, 1978-91. US Department of the Interior, Washington, DC.]





You also should make better use of evidence of biological connectivity. Organisms use habitats dispersed throughout watersheds that are critical to their life-history requirements (i.e., they cannot complete their life cycle without them), and move among these habitats during and often throughout their life cycles (e.g., Schlosser and Angermeier, 1995; Falke et al., 2010). [Schlosser, IJ, and Angermeier, PL. 1995. Spatial variation in demographic processes of lotic fishes: conceptual models, empirical evidence, and implications for conservation. American Fisheries Society Symposium 17:392—401. Falke et al. (2010) is already cited in the report.] Some species maintain populations in downgradient waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row. Thus, these sometimes-dry habitats can be critical to the biological integrity of downgradient waters. These species range across many different taxa, even within fish. The examples used in the report tend to focus on only a few taxa, primarily salmon and other anadromous fish species. Many fish living only in freshwater, and many other taxa including invertebrates, amphibians, reptiles, birds, and mammals, require these habitats and move to access them. When these upstream, lateral, and disconnected habitats are degraded or destroyed, these populations decline, become threatened or endangered (or otherwise imperiled), or are extirpated entirely, showing that this connectivity is a key to the biological integrity of downgradient waters. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also invertebrates like mussels that are transported by fish (as glochidia, their larval stage) throughout watersheds.





Revise and Define the Terminology Used in the Report





With regards to your discrete categories, we strongly believe that bidirectional and unidirectional are misleading terms. As we’ve previously noted, the four-dimensional nature of connectivity is a foundational aspect of freshwater ecology (e.g., Ward, 1989). [Ward (1989) is already cited in the report.] Bidirectional and unidirectional certainly describe a key difference—in some landscape settings, there are two-way fluxes of water and water-borne materials between the landscape and the rivers and streams, while in other landscape settings, there are only one-way fluxes of water and water-borne materials from the landscape to the rivers and streams. Though an important difference, this difference does not adequately characterize the four-dimensional fluxes in both landscapes, most particularly in regards to the movement of biota. The key difference in the respective settings is landscape position, with some waters and wetlands having flood-pulse exchanges with rivers and streams and other waters and wetlands not having flood-pulse exchanges with rivers and streams. Therefore, we recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings” and unidirectional wetlands be called “waters and wetlands in non-riparian/non-floodplain settings”. These terms would employ a commonly understood classification system that is grounded to the literature–important not only for communication purposes but also because it is consistent with the peer-reviewed, literature-based focus of the entire report. 





This also seems the appropriate point for our review to address another category, that being geographically isolated wetlands. The term by itself is problematic. The words “geographically isolated wetlands” technically mean “wetlands isolated in space” but are defined in the report to mean “wetlands surrounded by uplands”. These are very different definitions, meaning that this is an 11-syllable term (i.e., geographically isolated wetlands) that inadequately describes an eight-syllable phenomenon (i.e., wetlands surrounded by uplands). Nevertheless, this term has been established in the literature and has made it into common use (e.g., Tiner, 2003b; 2003c). [Tiner (2003b; 2003c) are already cited in the report.] Therefore, it should not be ignored. However, the flowpath framework we recommend you adopt implies that there are no isolated waters or wetlands. Furthermore, elsewhere in this review, we state that all waters and wetlands are connected over sufficiently long time scales, a conclusion we believe your review already supports. In other words, there are no isolated wetlands; rather, all waters and wetlands are connected, differing only in the degree of connection and the degree to which those connections matter to the chemical, physical, and biological integrity of downgradient waters. Therefore, the term geographically isolated wetlands runs counter to the basic conceptual framework and one of the central findings of this review. A final point is that the term geographically isolated wetlands doesn’t even fit into your conceptual framework, in that you explicitly state that geographically isolated wetlands can occur in both riparian/floodplain settings and non-riparian/non-floodplain settings. We therefore recommend that you take this opportunity to carefully define geographically isolated wetlands in terms of the literature, explain that the term geographically isolated wetlands was never meant to imply functional isolation, and then further explain that you will not be using the term as an organizational term in this report. We further recommend that you then remove the term from later sections of the report or, at the very least, ensure the term is used consistently and not interchangeably with other terms, as you do on occasion in the section on unidirectional wetlands.





Layer Complexity on the Conceptual Framework





Once you have described the flowpath framework and explained how the flowpath framework is used in this report, then you should start layering on the complexity. We recognize that some of these issues are currently addressed elsewhere in the report. In those cases, we may only be suggesting that they either be expanded upon or simply be moved to this earlier section outlining the major concepts underlying the conceptual framework.





Functions





You might begin by layering your function framework on the flowpath framework, noting that each water and wetland performs functions broadly categorized as source, sink, lag, transformation, and refuge, with the degree to which each function is performed being dependent upon landscape position and related connectivity. The importance of doing so here is that you can explain up front that some functions are enhanced by connectivity, others by relative isolation. This is an important point, one that you implicitly make throughout the report and explicitly make in the section on unidirectional wetlands. Stating as much explicitly in terms of these functions here will help you better make those implicit and explicit cases later.





Spatial and Temporal Scales





Spatial and temporal scales are critical to a discussion of connectivity and the role it plays in the chemical, physical, and biological integrity of downgradient waters. Of particular importance is the potential importance of low-frequency events, which can be important to the chemical, physical, and biological integrity of downgradient waters if the effects are long lived or the cumulative effects are important. The former might be best exemplified by debris flows, which are low-frequency events that nevertheless can be an important source of sediment, large clasts, and large woody debris to rivers. Though they occur infrequently, the consequences can be long lived, and can play important roles in controlling the structure and function of downgradient waters over the scale of decades. The latter might be best exemplified by ephemeral flows in arid landscapes, low-frequency events that may nevertheless provide most of the subsidies to downgradient waters (e.g., Izbicki, 2007). [Izbicki, JA. 2007. Physical and temporal isolation of mountain headwater streams in the western Mojave Desert, southern California. Journal of the American Water Resources Association 43:26—40.] The report could compare and contrast the humid east and the arid southwest, noting that downgradient waters in the humid east may get the bulk of their materials though moderate-frequency, moderate-magnitude events while downgradient waters in the arid southwest might get the bulk of their materials through low-frequency, high-magnitude events. The latter are no less important to the integrity of the downgradient waters, even though their duration may be negligible in comparison. Therefore, the importance of the connectivity isn’t just a function of the frequency or duration of the connection. Perhaps one way to conceptualize this is a matrix of probability × consequence, which would facilitate a discussion of spaces occupied by given waters and wetlands, which would go a long way toward helping readers better understand their regional context in regards to this issue.





Human Altered Systems





There are few, if any, ecosystems unaltered by humans. The role that these alterations play in your conceptual framework should be addressed explicitly. Waters and wetlands are "connected" in the sense that they are integrated into the broader hydrological landscape and therefore can play important roles in maintaining the chemical, physical, and biological integrity of downgradient waters. They perform a variety of functions – which you broadly classify as source, sink, lag, transformation, and refuge functions – at rates that are characteristic to where they are located on the gradient of connectivity. Therefore, downgradient waters might suffer consequences if the degree of connectivity is altered by human activities. Alterations can be of three types—some can directly decrease connectivity (e.g., dams), some can directly increase connectivity (e.g., ditches), and some can indirectly change the magnitude, timing, and/or duration of connectivity (e.g., impervious surfaces in the contributing watershed), each of which constituting alterations to connectivity and therefore to the chemical, physical, and biological integrity of the downgradient waters. 





Forcings and Regionalization





One problem repeatedly identified by both the reviewers and public commenters is that the report fails to provide an adequate framework for regionalization, especially for endmembers such as Hawai’i and Alaska. You therefore should consider expressing forcings in terms of Hydrologic-Landscape Regions, or HLRs (Wolock et al., 2004). [Wolock, DM, Winter, TC, and McMahon, G. 2004. Delineation and evaluation of Hydologic-Landscape Regions in the United States using Geographic Information System tools and multivariate statistical analyses. Environmental Management 34:S71—S88.] This would not represent a large departure from what you have already tried to do, because HLRs are fundamentally a function of climate, geology, and relief, which you already recognize as central controls on watershed hydrology. Using the HLR framework would ground your discussion to consistent terminology, which would help because you currently bounce around a bit, sometimes saying climate, geology, and relief, other times saying climate and watershed characteristics, and sometimes focusing only on climate. Using the HLR framework also would ground your discussion to peer-reviewed literature on this matter. This could then serve as a means to discuss regionalization, because generalizations are context dependent, i.e., the expressions of chemical, physical, and biological phenomena depend on environmental setting (e.g., climatic, geologic, topographic). Associated with this issue is the fact that we know much more about connectivity in some settings than others. You could end by explicitly recommending that readers use the HLR framework as a way to better understand the relevance of your findings to their respective regions.





Aggregate or Cumulative Effects





The aggregate or cumulative effect of many waters and wetlands on the chemical, physical, and biological integrity of downgradient waters is sufficiently important to merit its own subsection. Mainstem rivers integrate and accumulate the mass, materials, and organisms of numerous waters and wetlands, including tributaries. This is an important concept because the individual effect of any single water or wetland on downgradient waters might be negligible at sufficient spatial scale, but the cumulative effects of many similarly situated waters and wetlands on downgradient waters might nevertheless still be important. For example, at the scale of a single 200 km2 watershed, the flow and sediment originating from a single headwater stream with a drainage area of < 1 km2 would make a minimal contribution to the sediment budget of the mainstem river, but the space-time integration of all headwater streams with drainage areas of < 1 km2 in the watershed governs the total sediment budget of the mainstem larger river and the resulting in-channel sediment storage, channel morphology, and aquatic habitat. 





Cumulative effects could be defined as a population attribute of all headwater streams in the watershed (i.e., a river network statistical attribute). This implies that there might be no measurable effect on downgradient waters if a small number of those headwater streams were to be impacted but that there might be substantial and possibly cascading effects on downgradient waters if a sufficient number of those headwater streams were to be impacted. Therefore, attempts to evaluate changes to individual waters and wetlands need to be considered in the context of past and planned alterations of other waters and wetlands in the watershed. Thus, the extent of the effect on downgradient waters rests on a convolution–both in space and time–of each headwater stream’s time-varying flux of mass, materials, and organisms. For example, consider a watershed in which the recurrence interval of debris flows on headwater streams is once in 200 years. Under these conditions, the probability of a debris flow on any given headwater stream in a given year is 0.5% and therefore that headwater stream might have a negligible effect on fish habitat in the downgradient waters. However, at the watershed scale, there are many hundreds of headwater streams. Under these conditions, the probability of a debris flow in the population of headwater streams in a given year is much higher and therefore the population of headwater streams might have substantial and controlling effects on fish habitats in the downgradient waters.





Cumulative effects have been clearly demonstrated in the scientific literature; a Google Scholar search on the words “epa cumulative effects wetlands” retrieves many results, many of which being funded, authored, and/or published by the EPA. Therefore, you should have no difficulty in finding sufficient peer-reviewed literature for this new subsection.





Map Scale





The important issue of map resolution is mentioned in several parts of the report, but it needs to be more clearly and thoroughly presented in a separate section. It could be effectively illustrated in a figure comparing the results of using different technologies that provides essential information for the reader, including the lay public. A related topic is the increasing availability of LiDAR digital elevation models (DEMs) and thus the increasing ability to create more accurate and denser stream networks; this illustrates how new technologies may influence the scientific understanding of connectivity. 





It is critical that readers of this document understand that many databases fail to include small streams and the magnitude of the problem. For example, in a North Carolina watershed 0.8 km of stream channel are shown on a 1:500,000 scale map whereas 56 km of stream channel are shown on a 1:7200 scale map; only 21% of stream channel length is shown on a 1:24000 scale map in another watershed (Meyer and Wallace, 2001). [Meyer and Wallace (2001) is already cited in the report.] The increasing availability of high resolution DEMs (including the National Elevation Dataset [NED] 10 m DEM) and more robust flow routing algorithms means that more accurate stream maps are becoming increasingly available. Thus the ability to predict (and discern) hydrologic, geomorphic and ecological connections between small and large streams is increasing rapidly. Hence, the degree of connectivity will be determined in some part by advances in technology.





Add a Summary and Synthesis at the End of the Chapter





This entire chapter ends abruptly, with no summary or synthesis. We recommend that you consider moving Figure 6.1 to the end of this chapter, using it as a means to summarize and synthesize your conceptual model and how your conceptual model guides the way that you are thinking about and presenting evidence of connectivity between waters and wetlands and downgradient waters. This figure succinctly shows the role played by connectivity in maintaining the chemical, physical, and biological integrity of downgradient waters and hence would serve this purpose well here, rather than being somewhat lost at the end of the entire report in a chapter many will not read in any detail.







From: Armitage, Thomas
To: Rains, Mark
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by Friday,


 January 31st
Date: Monday, February 03, 2014 9:16:00 AM


Mark,


Thanks for sending your subgroup's response to charge question #2.


-----Original Message-----
From: Rains, Mark [mailto:mrains@usf.edu]
Sent: Friday, January 31, 2014 11:31 PM
To: Armitage, Thomas
Subject: RE: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Attached.


________________________________________
From: Armitage, Thomas [Armitage.Thomas@epa.gov]
Sent: Wednesday, January 29, 2014 5:19 PM
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; fennessym@kenyon.edu; sullivan.191@osu.edu;
 rosimarshalle@caryinstitute.org; tank.1@nd.edu; Rains, Mark
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by
 Friday, January 31st


Dear SAB Connectivity Panel Lead Writers,


Thank you for your work to develop the written responses for your assigned charge questions.  This is a reminder
 that Iris and I would like to receive your write-ups by Friday, January 31st.  We will work with Dr. Rodewald to
 incorporate the charge question responses into an integrated draft report that will be sent to the entire Panel for
 review and discussion on a teleconference.


Regards,


Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania
 Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Mike Josselyn
To: ljohnson@d.umn.edu
Cc: Emily Bernhardt; Armitage, Thomas
Subject: RE: Response to 5B
Date: Friday, January 31, 2014 10:04:04 AM


Thank you.
 
Mike
 


From:  [mailto:  On Behalf Of
 Lucinda Johnson
Sent: Friday, January 31, 2014 7:02 AM
To: Mike Josselyn
Cc: Emily Bernhardt; Armitage, Thomas
Subject: Re: Response to 5B
 
I will send out a revised version of the text with the results of our discussion and
 reformatted to be consistent across the groups.  
 
I should be able to get that out later this morning.
 
Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Fri, Jan 31, 2014 at 8:42 AM, Mike Josselyn <josselyn@wra-ca.com> wrote:
Emily:
 
I thought that I would reach out to you to see if you would like any assistance in recasting
 our Working Groups conclusions and recommendations into a text similar to that used for
 our response to 5A.   My concern is that it is a bit difficult to read as it is currently written
 and needs to be put into a text format.   In some cases, our recommendations for 5B are
 repetitive to those in 5A and in other cases, I am not sure they are explained well.
 
I can work on this next week, if you would like any assistance.  
 
Mike Josselyn
 


(b) (6) (b) (6)
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From: Armitage, Thomas
To: Jennifer Tank; rosimarshalle@caryinstitute.org
Cc: adr79@cornell.edu; Goodman, Iris
Subject: RE: Response to question 3(b)
Date: Friday, January 31, 2014 1:12:00 PM
Attachments: SAB Panel Response to Charge Question Revised 21 Jan2014 ERM w JWH addit....docx


EPA SAB Charge Question 3b 31Jan14.docx


Jennifer and Emma,
 
Thank you for sending the response to question 3(b).  We have also received the attached response
 to question 3(a) from Emma. We will incorporate the responses into a draft of the Panel’s report
 that will be sent to the entire Panel for review.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, January 31, 2014 12:14 PM
To: Armitage, Thomas; Emma Rosi-Marshall
Cc: adr79@cornell.edu; Goodman, Iris; Stanford, Jack; Wohl,Ellen (Ellen.Wohl@colostate.edu)
Subject: Response to question 3(b)
 
Dear Tom (with cc to Amanda, Iris)
Please find attached our draft Response to Question 3b.
We look forward to feedback from the larger group.
All best-
Jennifer (on behalf of Jack and Ellen)
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Question 3(a) 





The panel recommends that the report be expanded to include further discussion of the following:





· Hydrologic exchange flows between main channels and off channel areas  


· Naturally occurring chemical constituents other than nutrients (N, P) and contaminants


· Multiple factors that influence stream temperature 


· Biological connectivity 


· Temporal dynamics of connections 


· Human-modified headwater streams 


· Headwater streams in aggregate/cumulative 


· Nutrient and contaminant transformations  


· Streamside vegetation (i.e., riparian zones or areas) 


· Food web dynamics


· Strength/degree of connectivity





The SAB panel members were universally impressed with Chapter 4 and its excellent review of the literature that describes the connectivity of headwater streams to downstream waters. The panel agreed that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology.  





The Panel agreed that the review was based on pertinent literature and the text was strongly grounded in current scientific understanding.  The following recommendations represent ways to improve the document. We have numbered these comments for ease of discussion, but they are not numbered in order of importance. In addition to these general comments, detailed comments and referral to relevant literature are included in the preliminary comments from the panel. 





      1. Improve the review of hydrologic exchange flows between main channels and off channel areas.  Include discussion of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins, in pools, and in recirculating eddies.  Include a more complete discussion of the processes involved and give more attention to spatial and temporal variability. 


a. Include a broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals with effects on downstream water quality.  Expand the discussion beyond just nitrate removal by including phosphorus as well as examples of fate and transport of contaminants such as toxic metals and organic contaminants (see 2 below).  


b. Extend the discussion to communicate how surface-subsurface water interactions affect stream temperature, and habitat for fish and other organisms, including when surface water contracts but subsurface flow is present (see 3 below).  


For a broader discussion of hyporheic processes see for example:


Buffington, J. M., and D. Tonina (2009), Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass, 3, doi:10.1111/j.1749-8198.2009.00225.x.


Karwan, D. L. and J. E. Saiers (2012). Hyporheic exchange and streambed filtration of suspended particles. Water Resour. Res., 48, W01519, doi: 10.1029/2011WR011173.


Poole, G. C., J. A. Stanford, S. W. Running, and C. A. Frissell (2006), Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity, J. N. Am. Benthol. Soc., 25 (2), 288–303.


Sawyer, A.H., Cardenas, M.B., Buttles, J. (2011) Hyporheic exchange due to channel-spanning logs. Water Res. Resour., 47, W08502. 


Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M., and Packman, A.I. (2010), A multiscale model for integrating hyporheic exchange from ripples to meanders, Water Resour. Res., 46, W12539, doi:10.1029/2009WR008865.


2. Discussion of naturally occurring chemical constituents other than nutrients (N, P) and contaminants and consideration of nutrient and contaminant transformation could be expanded. 


a. The report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. 


b. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems was covered in the report, but more attention to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants would strengthen the report. In addition, some additional attention to sediment bound contaminants and their downstream movement and effects on downstream waters should be discussed further. 





See for example:


Baker, M. A., H. M. Valett, and C. N. Dahm (2000), Organic carbon supply and metabolism in a near-stream groundwater ecosystem, Ecology, 81, 3133-3148.





Bourg, A. C. M., and C. Bertin (1993), Biogeochemical processes during the infiltration of river water into an alluvial aquifer, Env. Sci. Technol., 27(4), 661-666.





Conant Jr., B., J. A. Cherry, and R. W. Gillham (2004), A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. J. Contam. Hydrol. 73(1-4), 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Doyle, M. W., E. H. Stanley, and J. M. Harbor (2003), Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research, 39(6), 1147.





Ensign, S. H., M. F. Piehler, M. W. Doyle (2008), Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91, 133-150.





Fuller, C.C., and Harvey, J.W. (2000), Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology, 34, 6 1150-1155.





Harvey, J.W., and C.C. Fuller (1998), Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance, Water Resources Research, 34(4):623-636.





Harvey, J. W., J. K. Böhlke, M. A. Voytek, D. Scott, and C. R. Tobias (2013), Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance, Water Resour. Res., 49, 6298-6316, doi:10.1002/wrcr.20492.





Hedin, L.O., von Fischer, J.C., Ostrom, N.E. Kennedy, B.P. Brown, M.G., Robertson, G.P.  (1998) Thermodynamic constraints on nitrogen transformations and other biogeochemical  processes at soil-stream interfaces. Ecology, 79(2), 684-703.





Kim, B. K. A., A. P. Jackman, and F. J. Triska (1992), Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream, Water Resour. Res., 28 (10), 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. (1995), In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies, Environmental Science and Technology, 14 29(1), 108-116, doi:10.1021/es00001a014.





Kimball, B. A., R. E. Broshears, K. E. Bencala, and D. M. McKnight (1994). Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage.  Environmental Science & Technology 28(12): 2065-2073.





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





Malcolm, A., Soulsby, C., Youngson, A.F., Hannah, D.M. (2005), Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Res. Applic., 21, 977–989.





O’Connor, B.L., and Harvey, J.W. (2008), Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research, 44, W12423, doi:10.1029/2008WR007160.








3. A more thorough treatment of factors that influence stream temperature is needed. There is inadequate treatment of the role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow.  Also, a more explicit treatment of the effects of hyporheic flow and storage and the resulting lag and attenuation effects that buffer temperature extremes is needed.  The latter discussion of subsurface effects should include a comparison to direct groundwater discharge in terms of its effects on stream temperature dynamics.  In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature is currently inadequate.  Finally, we suggest an expanded discussion of how environmental alterations in channels and upslope areas influence temperature dynamics. The panel recommends that the report directly address the influence of temperature on connectivity. 





See for example:


Arrigoni, A. S., G. C. Poole, L. A. K. Mertes, S. J. O'Daniel, W. W. Woessner, and S. A.  Thomas (2008), Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels, Water Resour. Res., 44, W09418, doi:10.1029/2007WR006480.





Hester, E.T., Doyle, M.W., Poole, G.C. (2009) The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography, 54(1), 355-4 367.





Sawyer, A. H., M. Bayani Cardenas, and J. Buttles (2012), Hyporheic temperature dynamics and heat exchange near channel-spanning logs, Water Resour. Res., 48, W01529, doi:10.1029/2011WR011200.








4. The temporal dynamics of connections were addressed in the report, but could be expanded. The panel agreed that a separate section that better addresses temporal dynamics (magnitude, frequency, duration, timing) would be a welcome addition to this Chapter. For example, the panel agreed that connections that occur only during a short time of year are not necessarily unimportant. The report describes how even though headwater streams are periodically dry, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, the ecological consequences of these connections could be expanded.  In the current draft, there is not a short, comprehensive, paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (connecting perennial, intermittent, and ephemeral channels with variable source areas) and its effects on material and sediment transport and effects on downstream water quality. In addition, connectivity can be highly episodic, but this does not reduce is importance to downstream ecosystems inherently. 





There is also a need for more discussion and literature review on the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems.  The panel recommended that the report adopt a more encompassing recognition of the important role of variable hydraulic residence times in river networks and their effects on storage and transformation of organic matter and nutrients in downstream waters. In addition, the role of humans in altering the temporal dimensions of connectivity (e.g. via water withdrawl or augmentation) should be considered in the report.  Overall, the panel suggested tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





See for example:





Boano, F., R. Revelli, and L. Ridolfi (2013), Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics, Water Resour. Res., 49, 4089–4099, doi:10.1002/wrcr.20322.





Constantz, J. (2008), Heat as a tracer to determine streambed water exchanges, Water Resour. Res., 44, W00D10, doi:10.1029/2008WR006996. 





Harvey, J. W., J. D. Drummond, R. L. Martin, L. E. McPhillips, A. I. Packman, D. J. Jerolmack, S. H. Stonedahl, A. Aubeneau, A. H. Sawyer, L. G. Larsen, and C. Tobias, 2012, Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed.  Journal of Geophysical Research – Biogeosciences, Volume 117, G00N11, doi:10.1029/2012JG002043.





O'Connor, B. L., J. W. Harvey, and L. E. McPhillips (2012), Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resour. Res., 48, W08504, doi:10.1029/2011WR011488. 








5. Improve the review of biological connectivity to demonstrate that movements of biota in downstream waters to use critical habitats in upstream and lateral habitats have strong effects on biological integrity. A more thorough treatment of biological connectivity would strengthen this chapter of the report.  Key points include:


a. Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without them), and many species move among these habitats during their life cycles.


b. Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row.  Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


c. These mobile species range across many different taxa, even within fish, and include many more than those focused in the report, which are mainly salmon and other anadromous fish.  Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


d. When these upstream, lateral, and disconnected habitats are degraded or destroyed, data from comparative studies and experiments show that these animal populations decline or are extirpated entirely, showing that connectivity to these habitats is a key to the biological integrity of downstream waters.


e. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





6. Human-modified headwater stream literature should be covered more extensively in the report. A number of panel members raised the issue of the lack of literature on human-modified headwater streams. The inclusion of this literature would provide information about how altering these systems have consequences for the water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity, which show the importance of headwaters to downstream areas in various landscapes. For example, the following alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, riparian tree removal, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations may reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human altered or even human created streams may have significant ecological functions and as a consequences can have effects on downstream waters. In addition, a discussion of the role of stream restoration and its effects on downstream waters would strengthen the report. 





See for example: 





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





O’Connor, B.L., Hondzo, M., and Harvey, J.W. (2010), Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.








7. Highlight the role of headwater streams in aggregate (i.e., cumulative) effects on downstream ecosystems in this chapter as well. The panel recommends adding a section that explicitly deals with this topic.  There is a large literature on cumulative watershed effects of land use based on both modeling and empirical studies. Furthermore, the watershed modeling section could be improved. For example, the work based on SPARROW modeling was covered in the report, but results from other modeling approaches were not. 





See for example:


Alexander, R. B., J. K. Böhlke, E. W. Boyer, M. B. David, J. W. Harvey, P. J. Mulholland, S. P. Seitzinger, C. R. Tobias, C. Tonitto, and W. M. Wollheim (2009), Dynamic modeling of  nitrogen losses in river networks unravels the coupled effects of hydrological and  biogeochemical processes, Biogeochemistry, 93, 91-116.





Böhlke, J. K., R. C. Antweiler, J. W. Harvey, A. E. Laursen, L. K. Smith, R. L. Smith, and M. A. 3 Voytek (2009), Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA,  Biogeochemistry, 93, 117-141, doi:10.1007/s10533-008-9282-8.





Helton, A. M., Poole, G. C., Meyer, J. L., Wollheim, W. M., Peterson, B. J., Mulholland P. J.,  Bernhardt, E. S., Stanford, J. A., Arango, C., Ashkenas, L. R., Cooper, L. W., Dodds, W. K.,  Gregory, S. V., Hall, R. O., Hamilton, S. K., Johnson, S. L., McDowell, W. H., Potter, J. D.,  Tank, J. L., Thomas, S. M., Valett, H. M., Webster, J. R., and Zeglin, L. (2011). Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Front. Ecol.  Environ., 9 (4), 229-238, doi:10.1890/080211.








8. The effects of streamside vegetation (i.e., riparian zones or areas) on stream ecosystems should be expanded in this report. Many of these effects are not necessarily associated with riparian wetland function (e.g., effects of leaf letter inputs on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, stream temperature, etc.). These effects occur along the entire longitudinal profile, but are especially intense in headwater streams. 





9. The panel suggests that the addition of a section that treats thoroughly the food-web connections from riparian zones to streams that support aquatic organisms would strengthen the report.  Although the report focuses on strictly aquatic connections, organisms that define the biological integrity of downstream waters are embedded in food webs, and these food webs transcend aquatic-terrestrial boundaries.  Key points include:


a. Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


b. Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


c. As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


d. Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





10. The panel recommends that text be added to the report that clarifies the selection of the case studies presented.  In addition, a case study that focuses on human dominated systems might be a logical place to add information about the role of human dominated systems for downstream waters. For example, the Rio Grande case study on arid rivers  could be expanded as it provides excellent examples of human-modified systems.





11.  The panel suggested that there be additional attention to the strength/degree of connectivity.  This could be addressed in this chapter about headwater streams, but could also be addressed throughout the report.  The panel agreed that a focused discussion of the relative strength/degree of connectivity for intermittent, ephemeral, and variable source areas needs further discussion.  A way that this might be approached is through the discussion of the frequency, duration, and magnitude of surface and subsurface connections.  Importantly, it is known that subsurface connections often persist after surface connections disappear.  This subsurface flow may provide an important connection from an ephemeral stream to downstream waters.  In addition, as discussed above in point #4 even short duration surface water connections in source water areas and ephemeral streams may have substantial effects on the chemistry and biology of downstream waters. 





The panel recommends that the degree/strength of connections should be highlighted or discussed in each major subsection of this chapter of the report (e.g. temperature, chemical, biological, etc.).  








See for example: 





[bookmark: _GoBack]Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey, 2012, Directional Connectivity in Hydrology and Ecology, Ecological Applications, doi: 10.1890/11-1948.1.
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Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. For example, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. Additionally, it should also be emphasized that dynamic groundwater-surface water connections maintain the ecological integrity of ephemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  Finally, the conclusions could also be strengthened by clarifying when ephemeral headwaters provide critical habitat and insure corridors to move among habitats. 





3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. Some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. For example, flow in arid streams in urban environments can be dominated by waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM). Thus, real-world management scenarios contrast greatly with the situations described in the case study for arid streams. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


[bookmark: _GoBack]Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35-36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  
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Question 3(a) 





The panel recommends that the report be expanded to include further discussion of the following:





· Hydrologic exchange flows between main channels and off channel areas  


· Naturally occurring chemical constituents other than nutrients (N, P) and contaminants


· Multiple factors that influence stream temperature 


· Biological connectivity 


· Temporal dynamics of connections 


· Human-modified headwater streams 


· Headwater streams in aggregate/cumulative 


· Nutrient and contaminant transformations  


· Streamside vegetation (i.e., riparian zones or areas) 


· Food web dynamics


· Strength/degree of connectivity





The SAB panel members were universally impressed with Chapter 4 and its excellent review of the literature that describes the connectivity of headwater streams to downstream waters. The panel agreed that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology.  





The Panel agreed that the review was based on pertinent literature and the text was strongly grounded in current scientific understanding.  The following recommendations represent ways to improve the document. We have numbered these comments for ease of discussion, but they are not numbered in order of importance. In addition to these general comments, detailed comments and referral to relevant literature are included in the preliminary comments from the panel. 





      1. Improve the review of hydrologic exchange flows between main channels and off channel areas.  Include discussion of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins, in pools, and in recirculating eddies.  Include a more complete discussion of the processes involved and give more attention to spatial and temporal variability. 


a. Include a broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals with effects on downstream water quality.  Expand the discussion beyond just nitrate removal by including phosphorus as well as examples of fate and transport of contaminants such as toxic metals and organic contaminants (see 2 below).  


b. Extend the discussion to communicate how surface-subsurface water interactions affect stream temperature, and habitat for fish and other organisms, including when surface water contracts but subsurface flow is present (see 3 below).  


For a broader discussion of hyporheic processes see for example:


Buffington, J. M., and D. Tonina (2009), Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass, 3, doi:10.1111/j.1749-8198.2009.00225.x.


Karwan, D. L. and J. E. Saiers (2012). Hyporheic exchange and streambed filtration of suspended particles. Water Resour. Res., 48, W01519, doi: 10.1029/2011WR011173.


Poole, G. C., J. A. Stanford, S. W. Running, and C. A. Frissell (2006), Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity, J. N. Am. Benthol. Soc., 25 (2), 288–303.


Sawyer, A.H., Cardenas, M.B., Buttles, J. (2011) Hyporheic exchange due to channel-spanning logs. Water Res. Resour., 47, W08502. 


Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M., and Packman, A.I. (2010), A multiscale model for integrating hyporheic exchange from ripples to meanders, Water Resour. Res., 46, W12539, doi:10.1029/2009WR008865.


2. Discussion of naturally occurring chemical constituents other than nutrients (N, P) and contaminants and consideration of nutrient and contaminant transformation could be expanded. 


a. The report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. 


b. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems was covered in the report, but more attention to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants would strengthen the report. In addition, some additional attention to sediment bound contaminants and their downstream movement and effects on downstream waters should be discussed further. 





See for example:


Baker, M. A., H. M. Valett, and C. N. Dahm (2000), Organic carbon supply and metabolism in a near-stream groundwater ecosystem, Ecology, 81, 3133-3148.





Bourg, A. C. M., and C. Bertin (1993), Biogeochemical processes during the infiltration of river water into an alluvial aquifer, Env. Sci. Technol., 27(4), 661-666.





Conant Jr., B., J. A. Cherry, and R. W. Gillham (2004), A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. J. Contam. Hydrol. 73(1-4), 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Doyle, M. W., E. H. Stanley, and J. M. Harbor (2003), Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research, 39(6), 1147.





Ensign, S. H., M. F. Piehler, M. W. Doyle (2008), Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91, 133-150.





Fuller, C.C., and Harvey, J.W. (2000), Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology, 34, 6 1150-1155.





Harvey, J.W., and C.C. Fuller (1998), Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance, Water Resources Research, 34(4):623-636.





Harvey, J. W., J. K. Böhlke, M. A. Voytek, D. Scott, and C. R. Tobias (2013), Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance, Water Resour. Res., 49, 6298-6316, doi:10.1002/wrcr.20492.





Hedin, L.O., von Fischer, J.C., Ostrom, N.E. Kennedy, B.P. Brown, M.G., Robertson, G.P.  (1998) Thermodynamic constraints on nitrogen transformations and other biogeochemical  processes at soil-stream interfaces. Ecology, 79(2), 684-703.





Kim, B. K. A., A. P. Jackman, and F. J. Triska (1992), Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream, Water Resour. Res., 28 (10), 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. (1995), In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies, Environmental Science and Technology, 14 29(1), 108-116, doi:10.1021/es00001a014.





Kimball, B. A., R. E. Broshears, K. E. Bencala, and D. M. McKnight (1994). Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage.  Environmental Science & Technology 28(12): 2065-2073.





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





Malcolm, A., Soulsby, C., Youngson, A.F., Hannah, D.M. (2005), Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Res. Applic., 21, 977–989.





O’Connor, B.L., and Harvey, J.W. (2008), Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research, 44, W12423, doi:10.1029/2008WR007160.








3. A more thorough treatment of factors that influence stream temperature is needed. There is inadequate treatment of the role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow.  Also, a more explicit treatment of the effects of hyporheic flow and storage and the resulting lag and attenuation effects that buffer temperature extremes is needed.  The latter discussion of subsurface effects should include a comparison to direct groundwater discharge in terms of its effects on stream temperature dynamics.  In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature is currently inadequate.  Finally, we suggest an expanded discussion of how environmental alterations in channels and upslope areas influence temperature dynamics. The panel recommends that the report directly address the influence of temperature on connectivity. 





See for example:


Arrigoni, A. S., G. C. Poole, L. A. K. Mertes, S. J. O'Daniel, W. W. Woessner, and S. A.  Thomas (2008), Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels, Water Resour. Res., 44, W09418, doi:10.1029/2007WR006480.





Hester, E.T., Doyle, M.W., Poole, G.C. (2009) The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography, 54(1), 355-4 367.





Sawyer, A. H., M. Bayani Cardenas, and J. Buttles (2012), Hyporheic temperature dynamics and heat exchange near channel-spanning logs, Water Resour. Res., 48, W01529, doi:10.1029/2011WR011200.








4. The temporal dynamics of connections were addressed in the report, but could be expanded. The panel agreed that a separate section that better addresses temporal dynamics (magnitude, frequency, duration, timing) would be a welcome addition to this Chapter. For example, the panel agreed that connections that occur only during a short time of year are not necessarily unimportant. The report describes how even though headwater streams are periodically dry, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, the ecological consequences of these connections could be expanded.  In the current draft, there is not a short, comprehensive, paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (connecting perennial, intermittent, and ephemeral channels with variable source areas) and its effects on material and sediment transport and effects on downstream water quality. In addition, connectivity can be highly episodic, but this does not reduce is importance to downstream ecosystems inherently. 





There is also a need for more discussion and literature review on the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems.  The panel recommended that the report adopt a more encompassing recognition of the important role of variable hydraulic residence times in river networks and their effects on storage and transformation of organic matter and nutrients in downstream waters. In addition, the role of humans in altering the temporal dimensions of connectivity (e.g. via water withdrawl or augmentation) should be considered in the report.  Overall, the panel suggested tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





See for example:





Boano, F., R. Revelli, and L. Ridolfi (2013), Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics, Water Resour. Res., 49, 4089–4099, doi:10.1002/wrcr.20322.





Constantz, J. (2008), Heat as a tracer to determine streambed water exchanges, Water Resour. Res., 44, W00D10, doi:10.1029/2008WR006996. 





Harvey, J. W., J. D. Drummond, R. L. Martin, L. E. McPhillips, A. I. Packman, D. J. Jerolmack, S. H. Stonedahl, A. Aubeneau, A. H. Sawyer, L. G. Larsen, and C. Tobias, 2012, Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed.  Journal of Geophysical Research – Biogeosciences, Volume 117, G00N11, doi:10.1029/2012JG002043.





O'Connor, B. L., J. W. Harvey, and L. E. McPhillips (2012), Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resour. Res., 48, W08504, doi:10.1029/2011WR011488. 








5. Improve the review of biological connectivity to demonstrate that movements of biota in downstream waters to use critical habitats in upstream and lateral habitats have strong effects on biological integrity. A more thorough treatment of biological connectivity would strengthen this chapter of the report.  Key points include:


a. Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without them), and many species move among these habitats during their life cycles.


b. Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row.  Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


c. These mobile species range across many different taxa, even within fish, and include many more than those focused in the report, which are mainly salmon and other anadromous fish.  Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


d. When these upstream, lateral, and disconnected habitats are degraded or destroyed, data from comparative studies and experiments show that these animal populations decline or are extirpated entirely, showing that connectivity to these habitats is a key to the biological integrity of downstream waters.


e. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





6. Human-modified headwater stream literature should be covered more extensively in the report. A number of panel members raised the issue of the lack of literature on human-modified headwater streams. The inclusion of this literature would provide information about how altering these systems have consequences for the water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity, which show the importance of headwaters to downstream areas in various landscapes. For example, the following alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, riparian tree removal, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations may reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human altered or even human created streams may have significant ecological functions and as a consequences can have effects on downstream waters. In addition, a discussion of the role of stream restoration and its effects on downstream waters would strengthen the report. 





See for example: 





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





O’Connor, B.L., Hondzo, M., and Harvey, J.W. (2010), Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.








7. Highlight the role of headwater streams in aggregate (i.e., cumulative) effects on downstream ecosystems in this chapter as well. The panel recommends adding a section that explicitly deals with this topic.  There is a large literature on cumulative watershed effects of land use based on both modeling and empirical studies. Furthermore, the watershed modeling section could be improved. For example, the work based on SPARROW modeling was covered in the report, but results from other modeling approaches were not. 





See for example:


Alexander, R. B., J. K. Böhlke, E. W. Boyer, M. B. David, J. W. Harvey, P. J. Mulholland, S. P. Seitzinger, C. R. Tobias, C. Tonitto, and W. M. Wollheim (2009), Dynamic modeling of  nitrogen losses in river networks unravels the coupled effects of hydrological and  biogeochemical processes, Biogeochemistry, 93, 91-116.





Böhlke, J. K., R. C. Antweiler, J. W. Harvey, A. E. Laursen, L. K. Smith, R. L. Smith, and M. A. 3 Voytek (2009), Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA,  Biogeochemistry, 93, 117-141, doi:10.1007/s10533-008-9282-8.





Helton, A. M., Poole, G. C., Meyer, J. L., Wollheim, W. M., Peterson, B. J., Mulholland P. J.,  Bernhardt, E. S., Stanford, J. A., Arango, C., Ashkenas, L. R., Cooper, L. W., Dodds, W. K.,  Gregory, S. V., Hall, R. O., Hamilton, S. K., Johnson, S. L., McDowell, W. H., Potter, J. D.,  Tank, J. L., Thomas, S. M., Valett, H. M., Webster, J. R., and Zeglin, L. (2011). Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Front. Ecol.  Environ., 9 (4), 229-238, doi:10.1890/080211.








8. The effects of streamside vegetation (i.e., riparian zones or areas) on stream ecosystems should be expanded in this report. Many of these effects are not necessarily associated with riparian wetland function (e.g., effects of leaf letter inputs on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, stream temperature, etc.). These effects occur along the entire longitudinal profile, but are especially intense in headwater streams. 





9. The panel suggests that the addition of a section that treats thoroughly the food-web connections from riparian zones to streams that support aquatic organisms would strengthen the report.  Although the report focuses on strictly aquatic connections, organisms that define the biological integrity of downstream waters are embedded in food webs, and these food webs transcend aquatic-terrestrial boundaries.  Key points include:


a. Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


b. Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


c. As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


d. Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





10. The panel recommends that text be added to the report that clarifies the selection of the case studies presented.  In addition, a case study that focuses on human dominated systems might be a logical place to add information about the role of human dominated systems for downstream waters. For example, the Rio Grande case study on arid rivers  could be expanded as it provides excellent examples of human-modified systems.





11.  The panel suggested that there be additional attention to the strength/degree of connectivity.  This could be addressed in this chapter about headwater streams, but could also be addressed throughout the report.  The panel agreed that a focused discussion of the relative strength/degree of connectivity for intermittent, ephemeral, and variable source areas needs further discussion.  A way that this might be approached is through the discussion of the frequency, duration, and magnitude of surface and subsurface connections.  Importantly, it is known that subsurface connections often persist after surface connections disappear.  This subsurface flow may provide an important connection from an ephemeral stream to downstream waters.  In addition, as discussed above in point #4 even short duration surface water connections in source water areas and ephemeral streams may have substantial effects on the chemistry and biology of downstream waters. 





The panel recommends that the degree/strength of connections should be highlighted or discussed in each major subsection of this chapter of the report (e.g. temperature, chemical, biological, etc.).  








See for example: 





[bookmark: _GoBack]Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey, 2012, Directional Connectivity in Hydrology and Ecology, Ecological Applications, doi: 10.1890/11-1948.1.
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Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. For example, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. Additionally, it should also be emphasized that dynamic groundwater-surface water connections maintain the ecological integrity of ephemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  Finally, the conclusions could also be strengthened by clarifying when ephemeral headwaters provide critical habitat and insure corridors to move among habitats. 





3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. Some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. For example, flow in arid streams in urban environments can be dominated by waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM). Thus, real-world management scenarios contrast greatly with the situations described in the case study for arid streams. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


[bookmark: _GoBack]Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35-36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  
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From: Armitage, Thomas
To: Mazeika Sullivan
Cc: Goodman, Iris
Subject: RE: Response to question 4(b)
Date: Friday, January 31, 2014 1:39:00 PM


Thanks Mazeika,
 
We will incorporate your subgroup’s response into the draft of the Panel’s report.
 
Tom
 


From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, January 31, 2014 1:22 PM
To: Armitage, Thomas
Cc: Goodman, Iris; fennessym@kenyon.edu; adr79@cornell.edu
Subject: Re: Response to question 4(b)
 
Hi Tom -
 
Please see attached .doc. 
 
Best,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
 


On Fri, Jan 31, 2014 at 1:09 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Mazeika,
 
Thank you for sending the response to question 4(b).  Could you please resend it as a Word file?
   We need to incorporate your subgroup’s response into the draft of the Panel’s report and may
 need to make some edits to make sure the Panel’s report is written in a consistent format and
 style.  Thanks.
 
Tom Armitage
**********************


(b) (6) (b) (6)
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Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, January 31, 2014 12:56 PM
To: Armitage, Thomas; Goodman, Iris
Cc: Amanda D. Rodewald; Allan, J; Lee Benda
Subject:
 
Hi Tom and Iris - 
 
Please find attached our written response to Charge Question #4b. 
 
Best regards,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
 


(b) (6) (b) (6)
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From: Armitage, Thomas
To: Mazeika Sullivan
Cc: Goodman, Iris
Subject: RE: Response to question 4(b)
Date: Friday, January 31, 2014 1:39:00 PM


Thanks Mazeika,
 
We will incorporate your subgroup’s response into the draft of the Panel’s report.
 
Tom
 


From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, January 31, 2014 1:22 PM
To: Armitage, Thomas
Cc: Goodman, Iris; fennessym@kenyon.edu; adr79@cornell.edu
Subject: Re: Response to question 4(b)
 
Hi Tom -
 
Please see attached .doc. 
 
Best,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
 


On Fri, Jan 31, 2014 at 1:09 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:
Mazeika,
 
Thank you for sending the response to question 4(b).  Could you please resend it as a Word file?
   We need to incorporate your subgroup’s response into the draft of the Panel’s report and may
 need to make some edits to make sure the Panel’s report is written in a consistent format and
 style.  Thanks.
 
Tom Armitage
**********************
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Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, January 31, 2014 12:56 PM
To: Armitage, Thomas; Goodman, Iris
Cc: Amanda D. Rodewald; Allan, J; Lee Benda
Subject:
 
Hi Tom and Iris - 
 
Please find attached our written response to Charge Question #4b. 
 
Best regards,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432
 
http://go.osu.edu/mazeikasullivan
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From: Amanda D. Rodewald
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Scheduling the next public teleconference of the SAB Connectivity Panel
Date: Thursday, January 30, 2014 9:12:23 AM


Thanks, Tom.  I hope that the teleconference went well yesterday.  I was hoping/planning to listen
 in, but there was an unexpected “fire” here that I had to tend to. 
 
It seems like people are working hard on their sections – very encouraging!
 


 
 
Hope that you both are well.
 
Best,
Amanda
 
Amanda D. Rodewald, Ph.D.


Director of Conservation Science, Cornell Lab of Ornithology
Associate Professor, Department of Natural Resources
Robert F. Schumann Faculty Fellow
Cornell University
159 Sapsucker Woods Rd.
Ithaca, NY 14850
Phone: 607-254-2176
Fax: 607-254-2104
Email:  arodewald@cornell.edu
 
 


From: Armitage, Thomas [mailto:Armitage.Thomas@epa.gov] 
Sent: Tuesday, January 21, 2014 12:22 PM
To: Amanda D. Rodewald
Cc: Goodman, Iris
Subject: RE: Scheduling the next public teleconference of the SAB Connectivity Panel
 
Hi Amanda,
 
Thanks for sending your dates of availability.  I will work on scheduling the public
 teleconference of the Panel.
 
I think the lead writers are all working on the draft responses and look forward to receiving
 them at the end of the month.  FYI, the charge question 5 subgroup asked me to schedule a
 call for them next Wednesday to talk about their responses. 
 


.


(b) (6)
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Tom
************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


From: Amanda D. Rodewald <arodewald@cornell.edu>
Sent: Tuesday, January 21, 2014 10:34 AM
To: Armitage, Thomas
Cc: Goodman, Iris
Subject: RE: Scheduling the next public teleconference of the SAB Connectivity Panel
 
Hi Tom,
 


 
Hope all is well with you.
 
Best,
Amanda
 
Monday, April 7 – all day
Tuesday, April 8 – before 3pm
Wednesday, April 9 -  before 12
Thursday, April 10 – before 1:30
Friday, April 11 – anytime EXCEPT 12-1
 
Monday, April 14  - unsure –
 All else being equal, the week is less preferred, but not off limits. (I know how tough
 scheduling can be)
Tuesday, April 15
Wednesday, April 16
Thursday, April 17
Friday, April 18
 
Monday, April 21 – all day
Tuesday, April 22 – before 3pm
Wednesday, April 23 - NO
Thursday, April 24 before 1:30
Friday, April 25
 


(b) (6)
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Monday, April 28 – all day
Tuesday, April 29- before 3pm
Wednesday, April 30 anytime EXCEPT 12-1
Thursday, May 1 before 1:30
Friday, May 2 anytime EXCEPT 12-1
 
 
Thanks,  Tom
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Mike Josselyn
To: ljohnson@d.umn.edu; Armitage, Thomas
Cc: Genevieve Ali; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu;


 hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: RE: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Friday, January 31, 2014 9:57:17 AM


Lucinda:
 
As I needed to drop off before the end of the call, I wanted to suggest two clarifications:
 


1.       As I mentioned on the phone, I believe that the current draft report should
 acknowledge and address that many wetlands and other water bodies occur in
 hydrologically altered or developed situations.  The scientific literature used for the Draft
 Report focuses on natural wetland systems, for the most part, and therefore does not
 analyze the alterations that may occur as a result of flood control projects, impoundments,
 groundwater depletion, and other anthropogenic changes within watersheds.  In addition,
 many wetlands throughout the country are not natural  features as they are the result of
 mining, salt production, levees, rice farming, sediment and storm water detention, and a
 variety of development activities.   These types of non-natural wetlands may not have any
 past or current connectivity to downstream waters and are not discussed within the context
 of the report.   It is not possible to find sufficient scientific information to reach any
 conclusions on these wetland types and I believe that the draft report should acknowledge
 that limitation.


 
2.       I also suggested that in the text where we refer to “bodies of water”, it should be stated
 “wetlands” and open water.   There is a distinction in the regulatory environment between
 the two and I think we should discuss that distinction under terminology.   They also have
 different functions and roles in the watershed and keeping them separate is important.
 


Mike Josselyn



mailto:josselyn@wra-ca.com

mailto:ljohnson@d.umn.edu

mailto:Armitage.Thomas@epa.gov

mailto:Genevieve.Ali@umanitoba.ca

mailto:rpb2@psu.edu

mailto:rpbrooks2@gmail.com

mailto:emily.bernhardt@duke.edu

mailto:mgooseff@engr.colostate.edu

mailto:hassy@cox.net

mailto:Goodman.Iris@epa.gov

mailto:adr79@cornell.edu






From: Mike Josselyn
To: ljohnson@d.umn.edu
Cc: rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net;


 Goodman, Iris; Amanda D. Rodewald; Genevieve Ali; Armitage, Thomas
Subject: RE: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Thursday, January 30, 2014 6:15:10 PM


I am in concurrence with Genevieve’s second option as it links to the conceptual framework that will
 be proposed by the Panel.
 
Mike
 


From: Genevieve Ali [mailto:Genevieve.Ali@umanitoba.ca] 
Sent: Thursday, January 30, 2014 11:17 AM
To: ljohnson@d.umn.edu; Armitage, Thomas
Cc: Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu;
 mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: RE: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Hi Lucinda,
 
I think that it is difficult at this stage to make a clear statement without knowing how the
 (whole panel) discussion of terminology will go and which (whole panel) consensus will be
 reached in response to the draft response of sub-group 2. Two quick suggestions:
 
1) If the idea is to let sub-group 2 suggest new terminology for the whole panel to discuss
 later, then we should just express our discomfort with the new terms but not suggest any
 terminology ourselves (i.e., go with the current paragraph without the last sentence that
 reads: “The panel recommends that terminology that categorizes the bidirectional wetlands
 as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g.
 non-floodplain wetlands.”)
 
2) If we want to express our discomfort with the new terms AND push for the floodplain
 versus non-floodplain terminology at the same time, then we can keep the whole paragraph
 and maybe just alter the last sentence along the lines of: “In accordance with its response to
 charge question 2 that recommends the use of a conceptual framework with a flowpath
 focus, the panel suggests that terminology that categorizes the bidirectional wetlands as
 those within floodplains and unidirectional wetlands as those not within a floodplain, e.g.
 non-floodplain wetlands, be used and explained in the context of that revised conceptual
 framework.”
 
I am OK with both options as any of the statements will likely need to be revised after the
 whole panel discussion some time in April.
 
G.
 
--


Genevieve Ali, BSc Hons, PhD
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Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP):
 wsrp@cc.umanitoba.ca
 
 
From:  [mailto:  On Behalf Of
 Lucinda Johnson
Sent: January-30-14 12:55 PM
To: Armitage, Thomas
Cc: Genevieve Ali; Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu;
 mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
ge 2, Paragraph 2: 
 
The Panel recommends that the conceptual framework as discussed below (see Figure
 X) be utilized as a means to discuss the types of hydrologic connections that occur
 within unidirectional wetlands. It may be preferred to move away from adopting a
 new classification or terminology as used in the Draft Report as it implies a one way
 flow pattern, when in fact, there may be many dimensions to connectivity, not only in
 relation to surface and shallow subsurface water flows, but to chemical and biological
 connectivity as well. It may be best to utilize a terminology that is already well
 ensconced in the scientific literature such as “geographically isolated wetlands” or the
 hydrogeomorphic classification system that focuses on depressional and slope
 landscape features. The panel recommends that terminology that categorizes the
 bidirectional wetlands as those within floodplains and unidirectional wetlands as those
 not within a floodplain, e.g. non-floodplain wetlands.


The latter part of the paragraph is making two contradictory recommendations
 regarding terminology:  First: move away from use of new terms: unidirectional and
 bidirectional in preference of geographically isolated or the hydrogeomorphic
 classification system terminology. Second: replace bidirectional wetlands with
 floodplain wetlands, and unidirectional as “non-floodplain” wetlands..  
What should we recommend?  Our discussion yesterday seemed to favor the second.  
 
thanks


(b) (6) (b) (6)
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Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Tue, Jan 21, 2014 at 11:10 AM, Armitage, Thomas <Armitage.Thomas@epa.gov>
 wrote:


Dear Charge Question 5(a)/5(b) subgroup members,


 


I have scheduled a subgroup teleconference on Wednesday, January 29th from 1:00 -
 2:00 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and
 5(b).


 


The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter
 the following conference code at the prompt: 2023439995# .


 


I look forward to talking with you on the call.


 


Tom Armitage


************************************************


Thomas Armitage Ph.D.


Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Genevieve Ali
To: ljohnson@d.umn.edu; Armitage, Thomas
Cc: Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu;


 hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: RE: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Thursday, January 30, 2014 2:16:57 PM


Hi Lucinda,
 
I think that it is difficult at this stage to make a clear statement without knowing how the (whole
 panel) discussion of terminology will go and which (whole panel) consensus will be reached in
 response to the draft response of sub-group 2. Two quick suggestions:
 
1) If the idea is to let sub-group 2 suggest new terminology for the whole panel to discuss later, then
 we should just express our discomfort with the new terms but not suggest any terminology
 ourselves (i.e., go with the current paragraph without the last sentence that reads: “The panel
 recommends that terminology that categorizes the bidirectional wetlands as those within floodplains
 and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.”)
 
2) If we want to express our discomfort with the new terms AND push for the floodplain versus non-
floodplain terminology at the same time, then we can keep the whole paragraph and maybe just
 alter the last sentence along the lines of: “In accordance with its response to charge question 2 that
 recommends the use of a conceptual framework with a flowpath focus, the panel suggests that
 terminology that categorizes the bidirectional wetlands as those within floodplains and
 unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands, be used and
 explained in the context of that revised conceptual framework.”
 
I am OK with both options as any of the statements will likely need to be revised after the whole
 panel discussion some time in April.
 
G.
 
-- 


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:



mailto:Genevieve.Ali@umanitoba.ca

mailto:ljohnson@d.umn.edu

mailto:Armitage.Thomas@epa.gov

mailto:josselyn@wra-ca.com

mailto:rpb2@psu.edu

mailto:rpbrooks2@gmail.com

mailto:emily.bernhardt@duke.edu

mailto:mgooseff@engr.colostate.edu

mailto:hassy@cox.net

mailto:Goodman.Iris@epa.gov

mailto:adr79@cornell.edu

mailto:Genevieve.Ali@ad.umanitoba.ca





http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP): wsrp@cc.umanitoba.ca
 
 
From:  [mailto:  On Behalf Of Lucinda
 Johnson
Sent: January-30-14 12:55 PM
To: Armitage, Thomas
Cc: Genevieve Ali; Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu;
 mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
ge 2, Paragraph 2: 
 
The Panel recommends that the conceptual framework as discussed below (see Figure X) be
 utilized as a means to discuss the types of hydrologic connections that occur within
 unidirectional wetlands. It may be preferred to move away from adopting a new classification
 or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact,
 there may be many dimensions to connectivity, not only in relation to surface and shallow
 subsurface water flows, but to chemical and biological connectivity as well. It may be best to
 utilize a terminology that is already well ensconced in the scientific literature such as
 “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses
 on depressional and slope landscape features. The panel recommends that terminology that
 categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands
 as those not within a floodplain, e.g. non-floodplain wetlands.


The latter part of the paragraph is making two contradictory recommendations regarding
 terminology:  First: move away from use of new terms: unidirectional and bidirectional in
 preference of geographically isolated or the hydrogeomorphic classification system
 terminology. Second: replace bidirectional wetlands with floodplain wetlands, and
 unidirectional as “non-floodplain” wetlands..  
What should we recommend?  Our discussion yesterday seemed to favor the second.  
 
thanks
 
Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Tue, Jan 21, 2014 at 11:10 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


(b) (6) (b) (6)
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Dear Charge Question 5(a)/5(b) subgroup members,


 


I have scheduled a subgroup teleconference on Wednesday, January 29th from 1:00 - 2:00
 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and 5(b).


 


The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter the
 following conference code at the prompt: 2023439995# .


 


I look forward to talking with you on the call.


 


Tom Armitage


************************************************


Thomas Armitage Ph.D.


Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Mike Josselyn
To: ljohnson@d.umn.edu
Cc: Genevieve Ali; rpb2@psu.edu; Robert Brooks; mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris;


 Amanda D. Rodewald; Armitage, Thomas; emily.bernhardt@duke.edu
Subject: RE: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Friday, January 31, 2014 10:03:46 AM


Lucinda:
 
One other phrase that I am recommending to include in 5A.   It is in the last section of full
 paragraph on Page 3.   The paragraph starts with “Functional characteristics”
 
“The time frame for groundwater dynamics occurs at different scale than that of surface and
 subsurface flows and therefore groundwater connections, where they exist, may not have
 immediate influence on downstream water quality.  On the other hand, they may be
 important in sustaining flows in rivers and streams during drought periods.  The Panel
 recommends that the Draft Report further refine the temporal scale between surface and
 groundwater flows in non-floodplain wetlands.”
 
Mike
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From: Allison Aldous
To: Siobhan Fennessy; K. Ramesh Reddy; maury.valett@umontana.edu
Cc: Armitage, Thomas; Goodman, Iris
Subject: RE: draft subgropu report
Date: Wednesday, January 29, 2014 12:14:01 AM


Siobhan,
I  I am not able to download documents and read/review
 this report in this time frame. I return to the US Feb 6, and so hopefully I will be able to provide
 review and edits in the next round.
 
Apologies,
Allison
 


From: Siobhan Fennessy [mailto:fennessym@kenyon.edu] 
Sent: Tuesday, January 28, 2014 6:40 AM
To: Allison Aldous; K. Ramesh Reddy; maury.valett@umontana.edu
Cc: Siobhan Fennessy; Thomas Armitage; Iris Goodman
Subject: draft subgropu report
 
Hi all,
 
Please find our draft subgroup report. Sorry this is a bit later than I had hoped!  It has proven
 time consuming to get through all of our notes and the panel's preliminary comments.  It still
 needs work and you will see a few comments/questions from me in the text.  If you could get
 your comments to me by tomorrow evening or Thursday morning at the latest, I will
 incorporate them and then send it to Mazeika Sullivan of subgroup 4b.  We're going to swap
 reports to ensure consistency in our reports.
 
  
 
 
 
Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies  
Kenyon College 
Gambier, OH  43022
740.427.5455
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From: Armitage, Thomas
To: Saiyid, Amena
Subject: RE: recommendations on draft connectivity study
Date: Thursday, February 06, 2014 1:37:00 PM


Dear Ms. Saiyid,
 
The SAB Connectivity Panel subgroups are working on sections of the Panel’s draft report.  The next
 step will be for the Panel to review the draft report on a public teleconference.  We anticipate that a
 draft of the report will be available in the near future.  The draft report will be posted on the SAB
 website prior to the teleconference.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 


From: Saiyid, Amena [mailto:ASaiyid@bna.com] 
Sent: Thursday, February 06, 2014 11:52 AM
To: Armitage, Thomas
Subject: recommendations on draft connectivity study
 
Dear Mr. Armitage,
I was writing to find out whether the panel charged with evaluating the EPA connectivity study had
 made its draft recommendations, and whether it would be holding a teleconference soon, as
 discussed at the public hearing. I would really appreciate the update.
Thank you,
Amena
 
 
Amena H. Saiyid
Water Reporter
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From: Armitage, Thomas
To: Saiyid, Amena
Subject: RE: recommendations on draft connectivity study
Date: Thursday, February 06, 2014 1:37:00 PM


Dear Ms. Saiyid,
 
The SAB Connectivity Panel subgroups are working on sections of the Panel’s draft report.  The next
 step will be for the Panel to review the draft report on a public teleconference.  We anticipate that a
 draft of the report will be available in the near future.  The draft report will be posted on the SAB
 website prior to the teleconference.
 
Sincerely,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 
 
 
 


From: Saiyid, Amena [mailto:ASaiyid@bna.com] 
Sent: Thursday, February 06, 2014 11:52 AM
To: Armitage, Thomas
Subject: recommendations on draft connectivity study
 
Dear Mr. Armitage,
I was writing to find out whether the panel charged with evaluating the EPA connectivity study had
 made its draft recommendations, and whether it would be holding a teleconference soon, as
 discussed at the public hearing. I would really appreciate the update.
Thank you,
Amena
 
 
Amena H. Saiyid
Water Reporter
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From:  on behalf of Mazeika Sullivan
To: Siobhan Fennessy
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: 4b Panel recommendation draft, almost there
Date: Friday, January 31, 2014 12:41:48 PM
Attachments: Charge Question 4a Subgroup Reportv5_smps.docx


Hi Siobhan - 


I've read through and think it is well-aligned with 4b.  I've made some minor comments and
 suggested a few additional citations. 


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, Jan 31, 2014 at 11:54 AM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Good morning Siobhan - 


FYI - I'm reading yours now and will have it back to you with comments asap!


Best,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
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Charge Question 4a 


Fennessy, Aldous, Reddy, Valett





Charge Question 4(a): Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


We support the Report’s conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters.  The comments below provide suggestions on the additional emphasis and discussion needed in the report to address the significance of bidirectional connectivity.  	Comment by Mazeika: May want to consider just including “waters and wetlands in riparian/floodplain settings” here to avoid any confusion relative to a focus on floodplains and riparian areas. 


Structure of the Report 


Section 5.3 on Riparian and Floodplain Wetlands covers a wealth of topics that could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. Specifically we recommend: 





· Reorganizing the chapter to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the role of headwater, streamside areas on in-stream structure and function.  We recommend this material be moved from Section 5.3 to Chapter 4.  For example, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and riparian areas are discussed.  Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as their ability to act as nutrient sinks and transformers, to Chapter 5.  Placing all of the literature review on riparian areas in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





· As it stands now, Section 5.3 is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics.  As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· The authors might consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style.  





 


Terminology


The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question.  Defining bidirectional wetlands as ‘waters and wetlands in riparian/floodplain settings’ (as suggested by the Charge Question 1 group) acknowledges the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the report. As it stands now, the report is inconsistent, for example, in some sections of Chapter 5 they are referred to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”.  The definitions provided in the glossary for Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland should determine the appropriate term used in the text.  	Comment by Mazeika: Perhaps suggest using “waters and wetlands in riparian/floodplain settings” as proposed by Dr. Rains group.  





However, it is vital that the ecological role of floodplains, whether or not they are defined as wetlands or other water bodies, is acknowledged in the report. The authors do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not the area studied is a wetland, they took a broad approach to the literature to ensure that studies relevant to riparian and floodplain wetlands were included.  Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed for a much more representative cross section of the literature to be used. The report should consider the functional role of floodplains and riparian areas regardless of their status as Cowardin wetlands; just as wetlands discussed in this report need not meet the Federal regulatory definition of wetland to be included (p. 43), the discussion of floodplains and riparian areas should not be limited to those areas that meet the Cowardin definition of wetlands.  A statement that the text refers to ‘riparian areas, floodplains and waters and wetlands in riparian/floodplain settings’ will clarify that we are referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). 	Comment by Mazeika: It seems that this is pretty consistent with what we are stating in 4b, although I think it’s important to explicitly state that relative to connectivity, the focus should remain on floodplain waters and wetlands.  This is particularly important relative to any conclusions drawn from this literature. 


 





Issues of Spatial and Temporal Connectivity


Section 5.3 should emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, via the ‘flood pulse’.  The authors recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of the chapter. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989).  We recommend this section emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems via the ‘flood pulse’.  The ‘flood pulse concept’ should be employed as the conceptual backbone of the section, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).  The report recognizes this fact (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how ‘riparian/floodplain wetlands’ operate.  The report does recognize the extension of the concept provided by Tockner et al. (2000) to include ‘flow pulses’, but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems via storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes.  The term ‘flood pulse’ is used only 9 times in the body of the entire document.  Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





The report should also increase emphasis on the temporal aspects of floodplain systems as guided by the short duration high intensity ‘flood pulse concept’ for surface waters and long duration low intensity lateral discharge for groundwater.  Addressing the temporal progression of the flood pulse should describe its influence on residence time of surface water, seasonal exchanges with groundwater, emphasize the chemical and biological linkages, and ecosystem process.  For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats.  At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of ‘riparian/floodplain’ environments into the context of the ‘river corridor’ requires developing a perspective of linkage and expansion.  The authors need to be very clear in articulating the bidirectional nature of fluxes and connections back to the river channel, with a focus on the fluxes of water, materials and biota, emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  As such, the section needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters.  Our recommendations include: 


· [bookmark: _GoBack]Use flood-forecasting methods as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers.  Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing (for example) of N and P.  The results are measures of vertical and lateral connectivity. Analyses of this kind requires that recurrence intervals be explicitly defined, for example, making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), which establishes variability in the timescales of connectivity. This would also allow much needed attention be paid to magnitude-frequency relationships.  (Mazieka - did I capture this in my paraphrasing of Dave’s comments?)	Comment by Mazeika: Yes, it looks good! 


· Consider incorporating examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks.  This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation.  We also recommend addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain.   	Comment by Mazeika: An additional citations to add for consideration as an example of a floodplain classification system. 

Nanson, G. C. & Croke, J. C. (1992). A generic classification of floodplains. Geomorphology 4, 459–486.



· Stress the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving waters downstream waters, but also through lateral, vertical and temporal dimensions.  


· Add literature to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity.  Section 5.3 needs more emphasis on these biological exchanges. For example, the review panel provided many references regarding the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer.  These habitats are particularly important for fish larvae.  Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001, 2005; Bestgen et al. 2007).  The report would also be strengthened with more emphasis on species that are economically important and/or listed by federal and state agencies. 	Comment by Mazeika: Additional citation: 

Sullivan, S. M. P., and M. C. Watzin. 2009. Stream-floodplain connectivity and fish assemblage diversity in the Champlain Valley, Vermont, U.S.A. journal of Fish Biology 74:25.



· It would be instructive, and more representative of the U.S. as a whole, to broaden the range of examples used in the report. For instance, incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.  





Export versus Exchange 


Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota.  Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede.  As mentioned above, the text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. We recommend strengthening the focus on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 	Comment by Mazeika: e.g., Sullivan, S. M. P., and A. D. Rodewald. 2012. In a state of flux: The energetic pathways that move contaminants from aquatic to terrestrial environments. Environmental Toxicology and Chemistry 31:1175-1183.

… if appropriate





Biogeochemical linkagess


Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling.  Abiotic components of wetlands (e.g. soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time.  These issues are important to acknowledge in the report.  We recommend the authors provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments.  The sections on N processing (denitrification), P cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed.  The review on N processes in Section 5.3.2.2 is of particular concern, due to its very heavy reliance on a single paper by Vidon et al. (2010; cited fully 20 times in this section) on the fate and fluxes of N in riparian areas.  There is an extensive literature on this subject, and while the report correctly characterizes N transformations in a general sense, there are many key references that are not included.  This section should be updated to provide a more recent and diverse assessment of biogeochemical implications of ‘hot-spots and hot-moments’ in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003; see also extensive work by Groffman). We also recommend that literature findings are reported more quantitatively, and not by simple qualitative statements that N levels (in this example) increased or decreased (by what percent did concentrations change, for example; this recommendation holds for the report as a whole).  Depending on the hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulates biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate/alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. Many inorganic elements required by for key biological processes (e.g., plant growth and decomposition) are bioavailable and will respond to these increases. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can result in an important source of POM and DOM to streams and rivers.	Comment by Mazeika: Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.

Powers, S. M., R. A. Johnson, and E. H. Stanley. 2012. Nutrient Retention and the Problem of Hydrologic Disconnection in Streams and Wetlands. Ecosystems 15:435-449.





Case Study on Bottomland Hardwoods


The report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining US wetlands.


A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 





Human Impacts to Floodplains/Aggregate Effects 


We suggest the report address how human impacts to waters and wetlands in riparian/floodplain settings alter connectivity, for example channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments, provide some of the clearest demonstrations of their functional role on downstream waters (for example, through degraded water quality).  A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiverisity, and materials flux.  The water quality benefits of riparian areas and floodplains should also be highlighted by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.  









Recommended References: 





Some references emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them):


Alford, J. B., and M. R. Walker. 2013. MANAGING THE FLOOD PULSE FOR OPTIMAL FISHERIES PRODUCTION IN THE ATCHAFALAYA RIVER BASIN, LOUISIANA (USA). River Research and Applications 29:279-296.


Anderson, C. J., and B. G. Lockaby. 2012. SEASONAL PATTERNS OF RIVER CONNECTIVITY AND SALTWATER INTRUSION IN TIDAL FRESHWATER FORESTED WETLANDS. River Research and Applications 28:814-826.


Benke, A.C., I. Chaubey, G.M. Ward,  and L. Dunn. 2000. FLood pulse dynamics of an unregulated river floodplain in the southeastern U.S. coastal plain. Ecology 81:2730–2741.


Bunn, S. E., M. C. Thoms, S. K. Hamilton, and S. J. Capon. 2006. Flow variability in dryland rivers: Boom, bust and the bits in between. River Research and Applications 22:179-186.


Ellis, L. M., C. S. Crawford, and M. C. Molles. 2001. Influence of annual flooding on terrestrial arthropod assemblages of a Rio Grande riparian forest. Regulated Rivers-Research & Management 17:1-20.


Galat, David L., Leigh H. Fredrickson, Dale D. Humburg, Karen J. Bataille, J. Russell Bodie, John Dohrenwend, Greg T. Gelwicks, John E. Havel, Douglas L. Helmers, John B. Hooker, John R. Jones, Matthew F. Knowlton, John Kubisiak, Joyce Mazourek, Amanda C. McColpin, Rochelle B. Renken and Raymond D. Semlitsch. 1998. Flooding to Restore Connectivity of Regulated, Large-River Wetlands. BioScience. 48 ( 9): 721–733.  Flooding: Natural and Managed (Sep., 1998), pp. 721-733


Granado, D. C., and R. Henry. 2014. Phytoplankton community response to hydrological variations in oxbow lakes with different levels of connection to a tropical river. Hydrobiologia 721:223-238.


Heiler, G., T. Hein, F. Schiemer, and G. Bornette. 1995. Hydrological connectivity and flood pulses as the central aspects for the integrity of a river-floodplain system. Regulated Rivers-Research & Management 11:351-361.


Henson, S. S., D. S. Ahearn, R. A. Dahlgren, E. Van Nieuwenhuyse, K. W. Tate, and W. E. Fleenor. 2007. Water quality response to a pulsed-flow event on the Mokelumne River, California. River Research and Applications 23:185-200.


Hudson, P. F., F. T. Heitmuller, and M. B. Leitch. 2012. Hydrologic connectivity of oxbow lakes along the lower Guadalupe River, Texas: The influence of geomorphic and climatic controls on the "flood pulse concept". Journal of Hydrology 414:174-183.


Hudson, P. F., M. A. Sounny-Slittine, and M. LaFevor. 2013. A new longitudinal approach to assess hydrologic connectivity: Embanked floodplain inundation along the lower Mississippi River. Hydrological Processes 27:2187-2196.


Magana, H. A. 2013. Flood pulse trophic dynamics of larval fishes in a restored arid-land, river-floodplain, Middle Rio Grande, Los Lunas, New Mexico. Reviews in Fish Biology and Fisheries 23:507-521.


Opperman, J. J., R. Luster, B. A. McKenney, M. Roberts, and A. W. Meadows. 2010. Ecologically Functional Floodplains: Connectivity, Flow Regime, and Scale. Journal of the American Water Resources Association 46:211-226.


Power, M. E., A. Sun, G. Parker, W.E. Dietrich and J. T. Wootton. 1995. Hydraulic food–chain models. BioScience   45: 159-167


Power, M.E., G. Paker, W.E. Dietrich, and A. Sun. 1995. How does floodplain width affect floodplain river ecology? A preliminary exploration using simulations. Geomorphology 13: 301–317.


Rooney, R. C., C. Carli, and S. E. Bayley. 2013. River Connectivity Affects Submerged and Floating Aquatic Vegetation in Floodplain Wetlands. Wetlands 33:1165-1177.


Schramm, H. L., and M. A. Eggleton. 2006. Applicability of the flood-pulse concept in a temperate floodplain river ecosystem: Thermal and temporal components. River Research and Applications 22:543-553.


Thorp, J. H., M. C. Thoms, and M. D. Delong. 2006. The riverine ecosystem synthesis: Biocomplexity in river networks across space and time. River Research and Applications 22:123-147.


Tockner, K., F. Malard, and J. V. Ward. 2000. An extension of the flood pulse concept. Hydrological Processes 14:2861-2883.


Toth, L. A., and A. van der Valk. 2012. Predictability of flood pulse driven assembly rules for restoration of a floodplain plant community. Wetlands Ecology and Management 20:59-75.


Valett, H.M., M.A. Baker, J.A. Morricew, C.S. Crawford, M.C. Molles, Jr., C.N. Dahm, D.L. Moyer, J.R. Thibault, and L.M. Ellis. 2005. Biogeochemical and metabolic responses to the flood pulse in a semiarid floodplain. Ecology 86:220–234.





References on Biogeochemistry 
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On Fri, Jan 31, 2014 at 10:46 AM, Siobhan Fennessy <fennessym@kenyon.edu> wrote:
Hi Mazeika, 


I'm attaching your draft with just a few small edits.  It looks great!  I'll probably strengthen
 a few points in the 4a draft in light of what you have here (such as food-web linkages,
 birds, etc).


Thanks!
Siobhan 


On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Siobhan -


I've attached a close-to-final version of the draft recommendations for 4b.  I
 left a note in there from Dave relative to recurrence interval as a temporal
 component to consider, which I think would be more appropriate for 4a.
  Based on our discussion last week, I think that this document should align
 well with your group's.  If you see anything that you think I should address or
 that might not jive, please let me know. Otherwise, I'd like to submit to Tom
 later this afternoon or tomorrow morning.


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
<EAP_SAB_Recommendations for 4b_FINAL_01.30.14.docx>


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
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Kenyon College 
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From: Lee Benda
To: J Allan
Cc: Mazeika Sullivan; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Charge Question #4b write-up draft
Date: Wednesday, January 29, 2014 11:03:42 AM


Mazeika,
I will send you my edits by mid day today (1/29). Lee


On Wed, Jan 29, 2014 at 7:38 AM, J Allan <dallan@umich.edu> wrote:
nice output, Mazeika.  Back to you with minor word-smithing for your consideration.  Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Sat, Jan 25, 2014 at 11:28 AM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Hi Dave and Lee - 


I've revised the document and have incorporated each of your comments. I also met with
 Dr. Fennessy yesterday and we are working together to make sure 4a and 4b are well
 aligned. If you could review the revised 4b draft (attached) and get any thoughts or
 comments back to me by Wed (01/29), that would be very helpful.  I plan on submitting it
 Thursday afternoon or Friday morning.


Best regards,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Thu, Jan 23, 2014 at 6:48 PM, Lee Benda <  wrote:
Mazeika and Dave,


(b) (6)
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Mazeika - thank you for taking the lead on pulling our comments together. I added some
 material and comments to Dave's edited doc to make things easier for you (hopefully).
 Some of my comments or inserts could be redundant, that is, driving home an already
 existing point in a different way. Thus, use what you can and don't hesitate to exclude
 what is not necessary. Let me know how else I can help.  Lee


On Thu, Jan 23, 2014 at 4:31 AM, J Allan <dallan@umich.edu> wrote:
Hi Mazeika and Lee


Mazeika, thanks for your leadership on this task. I think you've done a fine job. For
 the most part I've made comments in the margins rather than track change edits, and
 leave it to you (and any thoughts Lee adds) to determine what edits are warranted. I
 did insert one bulleted item on chemical linkages.  I think that inclusion can justify
 keeping "chemical" on the list, and I think key finding d as presently written is both
 too brief and relies on an inappropriate example (I think they use sediment trapping of
 an ag BMP to support wetland sediment retention).


Looking over my notes, I have one more thought.  I believe we wanted language that
 specifically called out forested wetlands to be sure they are not overlooked.  Perhaps
 that will come out in the section covered by Dr. Fennessey.  


Best, Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Sat, Jan 18, 2014 at 2:04 PM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Hi Lee and Dave - 


I hope you are both well and off to a great start in 2014!


As you know, write-ups for our assigned charge questions are due January 31st.  As
 a first step, I thought we could work within our 4b sub-subgroup to craft a draft
 version that we can then link with the write-up of the broader 4 subgroup.  To that
 end, I have worked on a draft document for Charge Question #4b, largely based on
 the version I presented at the Panel meeting in Dec, but with updates from the
 subsequent Panel discussion, comments by Dr. Rains and his subgroup recently
 distributed in response to Charge Question #2, as well as additional detailed
 comments including those that you both provided at the meeting.  


If you could get back to me with edits, comments, and additions to this document,
 that would be great.  In particular, we may want to flesh out some of the points
 more fully.  If you could use track changes, that would be very helpful and would
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 assist me in merging your sets of comments. I'm meeting with Dr. Fennessy (lead
 writer for 4a) next Friday (01/24) to work on merging 4a and 4b write-ups into a
 unified document, so if there's any chance you could get me comments back before
 then, it would be greatly appreciated. 


Best wishes,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


-- 
Lee Benda PhD
Earth Systems Institute
310 N Mt Shasta Blvd, Suite 6
Mt Shasta, CA 96067
530 926 1066
206 200 3452 (cell)
www.terrainworks.com


-- 
Lee Benda PhD
Earth Systems Institute
310 N Mt Shasta Blvd, Suite 6
Mt Shasta, CA 96067
530 926 1066
206 200 3452 (cell)
www.terrainworks.com
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From:  on behalf of Mazeika Sullivan
To: Siobhan Fennessy
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: 4b Panel recommendation draft, almost there
Date: Friday, January 31, 2014 11:56:17 AM


Good morning Siobhan - 


FYI - I'm reading yours now and will have it back to you with comments asap!


Best,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, Jan 31, 2014 at 10:46 AM, Siobhan Fennessy <fennessym@kenyon.edu> wrote:
Hi Mazeika, 


I'm attaching your draft with just a few small edits.  It looks great!  I'll probably strengthen a
 few points in the 4a draft in light of what you have here (such as food-web linkages, birds,
 etc).


Thanks!
Siobhan 


On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Siobhan -


I've attached a close-to-final version of the draft recommendations for 4b.  I left
 a note in there from Dave relative to recurrence interval as a temporal
 component to consider, which I think would be more appropriate for 4a.  Based
 on our discussion last week, I think that this document should align well with
 your group's.  If you see anything that you think I should address or that might
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 not jive, please let me know. Otherwise, I'd like to submit to Tom later this
 afternoon or tomorrow morning.


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
<EAP_SAB_Recommendations for 4b_FINAL_01.30.14.docx>


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
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From: J Allan
To: Mazeika Sullivan
Cc: Lee Benda; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Charge Question #4b write-up draft
Date: Wednesday, January 29, 2014 10:39:30 AM
Attachments: EAP_SAB_Recommendations for 4b_FINAL_01.25.2014_ALLAN.docx


nice output, Mazeika.  Back to you with minor word-smithing for your consideration.  Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Sat, Jan 25, 2014 at 11:28 AM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Hi Dave and Lee - 


I've revised the document and have incorporated each of your comments. I also met with Dr.
 Fennessy yesterday and we are working together to make sure 4a and 4b are well aligned. If
 you could review the revised 4b draft (attached) and get any thoughts or comments back to
 me by Wed (01/29), that would be very helpful.  I plan on submitting it Thursday afternoon
 or Friday morning.


Best regards,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Thu, Jan 23, 2014 at 6:48 PM, Lee Benda <  wrote:
Mazeika and Dave,
Mazeika - thank you for taking the lead on pulling our comments together. I added some
 material and comments to Dave's edited doc to make things easier for you (hopefully).
 Some of my comments or inserts could be redundant, that is, driving home an already
 existing point in a different way. Thus, use what you can and don't hesitate to exclude
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4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies rather than floodplains that are periodically inundated (i.e., non-floodplain riparian zones), which weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings with receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Mazeika: Lee – From my understanding, the Panel did agree to suggesting replacing the current “riparian” section of 5.3 with a broad floodplain discussion (including floodplain areas that are not wetlands and floodplains that either have wetlands [floodplain wetlands] or that are inundated with sufficient frequency to be classified as wetlands) in order to broadly present the character, function, and importance of these systems.  Is how I have edited this accurate and acceptable relative to the point you were highlighting? 





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should be little used unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of roping inrelying on non-wetland riparian areas into support the report, e.g.,and thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well developed science of flood forecasting (probability) as a function of vertical and lateral connectivity., which This might prove to be the best chance atopportunity to highlighting how to hydrologists estimate the degree of connectivity, using the flood frequency – floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but includinge non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) in channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.	Comment by David: We could also recommend that section 5.3 explicitly define recurrence interval and refer to the large body of hydrologic literature on estimation approaches. This could mention overbank flows (2 years out of 3), 10-yr and 100-yr events to establish the variable timescale for connectivity. This might be incorporated into the suggestion on flood fore-casting just below.
Going beyond what I would argue for here, but as context for my remark:  In my reading of the chapter 2 sub-committee, there is language that implies to me that everything is connected given a long enough timeframe.  I will suggest to that group that we should put reasonable bounds on time (say, 100-yr events) for the timeframe to be taken seriously, and I think the magnitude-frequency relationship needs more attention.  

Mazeika:  I agree, and had a similar reaction to the “sufficiently long time scale” language.  Relative to your point above, would you like to work this in to the current text or would you prefer that I pass your comment on to Dr. Fennessy for inclusion in 4a?  
DAVE: THAT WOULD BE FINE	Comment by Lee: Are you referring to what is being proposed for the revised Conceptual Framework? Or?

Mazeika: From my understanding, each of the major sections was going to propose that a temporal section be added.  The details of this suggestion will be elaborated in recommendations for 4a. 





3. Further quantification:


The key conclusions could be more empiricalLY or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales.  The report should eExplicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on recommendations from 4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency – lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





8. Aggregrate/cumuluative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.








Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


[bookmark: _GoBack]1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” of other language that underscores food web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


Conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening para of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph.  Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  
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 what is not necessary. Let me know how else I can help.  Lee


On Thu, Jan 23, 2014 at 4:31 AM, J Allan <dallan@umich.edu> wrote:
Hi Mazeika and Lee


Mazeika, thanks for your leadership on this task. I think you've done a fine job. For the
 most part I've made comments in the margins rather than track change edits, and leave
 it to you (and any thoughts Lee adds) to determine what edits are warranted. I did insert
 one bulleted item on chemical linkages.  I think that inclusion can justify keeping
 "chemical" on the list, and I think key finding d as presently written is both too brief
 and relies on an inappropriate example (I think they use sediment trapping of an ag
 BMP to support wetland sediment retention).


Looking over my notes, I have one more thought.  I believe we wanted language that
 specifically called out forested wetlands to be sure they are not overlooked.  Perhaps
 that will come out in the section covered by Dr. Fennessey.  


Best, Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Sat, Jan 18, 2014 at 2:04 PM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Hi Lee and Dave - 


I hope you are both well and off to a great start in 2014!


As you know, write-ups for our assigned charge questions are due January 31st.  As a
 first step, I thought we could work within our 4b sub-subgroup to craft a draft version
 that we can then link with the write-up of the broader 4 subgroup.  To that end, I have
 worked on a draft document for Charge Question #4b, largely based on the version I
 presented at the Panel meeting in Dec, but with updates from the subsequent Panel
 discussion, comments by Dr. Rains and his subgroup recently distributed in response
 to Charge Question #2, as well as additional detailed comments including those that
 you both provided at the meeting.  


If you could get back to me with edits, comments, and additions to this document, that
 would be great.  In particular, we may want to flesh out some of the points more fully.
  If you could use track changes, that would be very helpful and would assist me in
 merging your sets of comments. I'm meeting with Dr. Fennessy (lead writer for 4a)
 next Friday (01/24) to work on merging 4a and 4b write-ups into a unified document,
 so if there's any chance you could get me comments back before then, it would be
 greatly appreciated. 
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Best wishes,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


-- 
Lee Benda PhD
Earth Systems Institute
310 N Mt Shasta Blvd, Suite 6
Mt Shasta, CA 96067
530 926 1066
206 200 3452 (cell)
www.terrainworks.com
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From: Siobhan Fennessy
To: Mazeika Sullivan
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: 4b Panel recommendation draft, almost there
Date: Friday, January 31, 2014 10:47:58 AM
Attachments: EAP_SAB_Recommendations for 4b_FINAL_01.30.14_SF comments.docx


ATT00001.htm


Hi Mazeika, 


I'm attaching your draft with just a few small edits.  It looks great!  I'll probably strengthen a 
few points in the 4a draft in light of what you have here (such as food-web linkages, birds, 
etc).


Thanks!
Siobhan 
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4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies rather other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). which This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Siobhan Fennessy: Yes – this is what subgroup 4a is recommending, with the caveat that the discussion make clear that while connected, they may not be jurisdictional waters (to allay the potential criticism)





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. This might prove to be the best opportunity to highlight how hydrologists estimate the degree of connectivity, using flood frequency – floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) in channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.	Comment by David: We could also recommend that section 5.3 explicitly define recurrence interval and refer to the large body of hydrologic literature on estimation approaches. This could mention overbank flows (2 years out of 3), 10-yr and 100-yr events to establish the variable timescale for connectivity. This might be incorporated into the suggestion on flood fore-casting just below.
Going beyond what I would argue for here, but as context for my remark:  In my reading of the chapter 2 sub-committee, there is language that implies to me that everything is connected given a long enough timeframe.  I will suggest to that group that we should put reasonable bounds on time (say, 100-yr events) for the timeframe to be taken seriously, and I think the magnitude-frequency relationship needs more attention.  

Mazeika:  I agree, and had a similar reaction to the “sufficiently long time scale” language.  Relative to your point above, would you like to work this in to the current text or would you prefer that I pass your comment on to Dr. Fennessy for inclusion in 4a?  
DAVE: THAT WOULD BE FINE





3. Further quantification:


The key conclusions could be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on the Panel’s recommendations for Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency – lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





8. Aggregrate/cumulative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.


[bookmark: _GoBack]





Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


1-9 line 9. After “and maturati on habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


For conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  
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On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan wrote:

Hi Siobhan -

I've attached a close-to-final version of the draft recommendations for 4b.  I left a note in there from Dave relative to recurrence interval as a temporal component to consider, which I think would be more appropriate for 4a.  Based on our discussion last week, I think that this document should align well with your group's.  If you see anything that you think I should address or that might not jive, please let me know. Otherwise, I'd like to submit to Tom later this afternoon or tomorrow morning.



Thanks!
Mazeika



-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology

School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 

Email: sullivan.191@osu.edu 
Phone: 614-292-7314 

Fax:   614-292-7432
http://go.osu.edu/mazeikasullivan







<EAP_SAB_Recommendations for 4b_FINAL_01.30.14.docx>





Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
























From: Lee Benda
To: J Allan
Cc: Mazeika Sullivan; Armitage, Thomas; Amanda D. Rodewald
Subject: Re: Charge Question #4b write-up draft
Date: Thursday, January 30, 2014 11:35:13 AM


Mazeika,
I have read through the latest version of our team's Charge Question 4b and I agree with the
 revisions. I have no other edits at this time. Thanks for pulling it all together.  Lee


On Wed, Jan 29, 2014 at 8:02 AM, Lee Benda <  wrote:
Mazeika,
I will send you my edits by mid day today (1/29). Lee


On Wed, Jan 29, 2014 at 7:38 AM, J Allan <dallan@umich.edu> wrote:
nice output, Mazeika.  Back to you with minor word-smithing for your consideration.
  Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Sat, Jan 25, 2014 at 11:28 AM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Hi Dave and Lee - 


I've revised the document and have incorporated each of your comments. I also met with
 Dr. Fennessy yesterday and we are working together to make sure 4a and 4b are well
 aligned. If you could review the revised 4b draft (attached) and get any thoughts or
 comments back to me by Wed (01/29), that would be very helpful.  I plan on submitting
 it Thursday afternoon or Friday morning.


Best regards,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
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Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Thu, Jan 23, 2014 at 6:48 PM, Lee Benda <  wrote:
Mazeika and Dave,
Mazeika - thank you for taking the lead on pulling our comments together. I added
 some material and comments to Dave's edited doc to make things easier for you
 (hopefully). Some of my comments or inserts could be redundant, that is, driving
 home an already existing point in a different way. Thus, use what you can and don't
 hesitate to exclude what is not necessary. Let me know how else I can help.  Lee


On Thu, Jan 23, 2014 at 4:31 AM, J Allan <dallan@umich.edu> wrote:
Hi Mazeika and Lee


Mazeika, thanks for your leadership on this task. I think you've done a fine job. For
 the most part I've made comments in the margins rather than track change edits, and
 leave it to you (and any thoughts Lee adds) to determine what edits are warranted. I
 did insert one bulleted item on chemical linkages.  I think that inclusion can justify
 keeping "chemical" on the list, and I think key finding d as presently written is both
 too brief and relies on an inappropriate example (I think they use sediment trapping
 of an ag BMP to support wetland sediment retention).


Looking over my notes, I have one more thought.  I believe we wanted language
 that specifically called out forested wetlands to be sure they are not overlooked.
  Perhaps that will come out in the section covered by Dr. Fennessey.  


Best, Dave


J. David Allan
Professor, School of Natural Resources & Environment
University of Michigan
Ann Arbor, MI 48109-1041
dallan@umich.edu
ph. 734.764.6553  fax 734.763.8965
http://snre.umich.edu/profile/dallan


On Sat, Jan 18, 2014 at 2:04 PM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:
Hi Lee and Dave - 


I hope you are both well and off to a great start in 2014!


As you know, write-ups for our assigned charge questions are due January 31st.
  As a first step, I thought we could work within our 4b sub-subgroup to craft a
 draft version that we can then link with the write-up of the broader 4 subgroup.
  To that end, I have worked on a draft document for Charge Question #4b, largely
 based on the version I presented at the Panel meeting in Dec, but with updates
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 from the subsequent Panel discussion, comments by Dr. Rains and his subgroup
 recently distributed in response to Charge Question #2, as well as additional
 detailed comments including those that you both provided at the meeting.  


If you could get back to me with edits, comments, and additions to this document,
 that would be great.  In particular, we may want to flesh out some of the points
 more fully.  If you could use track changes, that would be very helpful and would
 assist me in merging your sets of comments. I'm meeting with Dr. Fennessy (lead
 writer for 4a) next Friday (01/24) to work on merging 4a and 4b write-ups into a
 unified document, so if there's any chance you could get me comments back
 before then, it would be greatly appreciated. 


Best wishes,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


-- 
Lee Benda PhD
Earth Systems Institute
310 N Mt Shasta Blvd, Suite 6
Mt Shasta, CA 96067
530 926 1066
206 200 3452 (cell)
www.terrainworks.com


-- 
Lee Benda PhD
Earth Systems Institute
310 N Mt Shasta Blvd, Suite 6
Mt Shasta, CA 96067
530 926 1066
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Lee Benda PhD
Earth Systems Institute
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From: Siobhan Fennessy
To: Mazeika Sullivan
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: 4b Panel recommendation draft, almost there
Date: Friday, January 31, 2014 10:47:58 AM
Attachments: EAP_SAB_Recommendations for 4b_FINAL_01.30.14_SF comments.docx


ATT00001.htm


Hi Mazeika, 


I'm attaching your draft with just a few small edits.  It looks great!  I'll probably strengthen a 
few points in the 4a draft in light of what you have here (such as food-web linkages, birds, 
etc).


Thanks!
Siobhan 
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4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies rather other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). which This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 	Comment by Siobhan Fennessy: Yes – this is what subgroup 4a is recommending, with the caveat that the discussion make clear that while connected, they may not be jurisdictional waters (to allay the potential criticism)





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. This might prove to be the best opportunity to highlight how hydrologists estimate the degree of connectivity, using flood frequency – floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) in channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.	Comment by David: We could also recommend that section 5.3 explicitly define recurrence interval and refer to the large body of hydrologic literature on estimation approaches. This could mention overbank flows (2 years out of 3), 10-yr and 100-yr events to establish the variable timescale for connectivity. This might be incorporated into the suggestion on flood fore-casting just below.
Going beyond what I would argue for here, but as context for my remark:  In my reading of the chapter 2 sub-committee, there is language that implies to me that everything is connected given a long enough timeframe.  I will suggest to that group that we should put reasonable bounds on time (say, 100-yr events) for the timeframe to be taken seriously, and I think the magnitude-frequency relationship needs more attention.  

Mazeika:  I agree, and had a similar reaction to the “sufficiently long time scale” language.  Relative to your point above, would you like to work this in to the current text or would you prefer that I pass your comment on to Dr. Fennessy for inclusion in 4a?  
DAVE: THAT WOULD BE FINE





3. Further quantification:


The key conclusions could be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on the Panel’s recommendations for Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency – lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





8. Aggregrate/cumulative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.


[bookmark: _GoBack]





Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


1-9 line 9. After “and maturati on habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


For conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  
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On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan wrote:

Hi Siobhan -

I've attached a close-to-final version of the draft recommendations for 4b.  I left a note in there from Dave relative to recurrence interval as a temporal component to consider, which I think would be more appropriate for 4a.  Based on our discussion last week, I think that this document should align well with your group's.  If you see anything that you think I should address or that might not jive, please let me know. Otherwise, I'd like to submit to Tom later this afternoon or tomorrow morning.



Thanks!
Mazeika



-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology

School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 

Email: sullivan.191@osu.edu 
Phone: 614-292-7314 

Fax:   614-292-7432
http://go.osu.edu/mazeikasullivan
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Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
























From: Mark Murphy
To: josselyn@wra-ca.com
Cc: Armitage, Thomas; Goodman, Iris;  emily.bernhardt@duke.edu
Subject: Re: Mark: your turn to edit. Please pass along to the next editor when you are done. Thanks...
Date: Monday, February 03, 2014 6:34:27 PM
Attachments: esb_Users_tarmitag_Documents_Wetland Connectivity_Subgroup responses to charge


 questions_Lentic_systems_5A_and_5B_2_3_14_clean.docx


Tag! You're it. 


Lucinda, Emily, Genevieve and I have been through the document. 


Cheers,
Mark


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net


*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.


On 1/31/2014 4:24 PM, Genevieve Ali wrote:


I understand that Lucinda, Emily and I have been through the document already. Have
 a great week-end,
G.
 
 
-- 


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
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1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature publications on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (Ssee charge question 2 response for a detailed discussion on terminology.).


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See see Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.	Comment by Murphy: Should we specifically cite Alaska, Hawaii and the desert Southwest? We did get strong objections from these three regions as to the usefulness of the discussion in characterizing these specific parts of the country. I thought there was concurrence by the panel.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.	Comment by Murphy: Like!





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland”, including geographically isolated wetlands. Major reviews that have been includedexist in the peer- reviewed literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references at the end of this response document and in Appendix X.   ] 



The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within between unidirectional wetlands and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2 group use or incorporate this framework.	Comment by Lucinda Johnson: See alternative text in red below.	Comment by Murphy:  Somewhere I would like to see this stated in some form . . . “Transport (or flux) is measured by magnitude of energy/mass transfer, duration of flow and the event frequency of flow, which, if it occurs (on a flow path) between or to aquatic environments, quantifies hydrologic connectivity.”	Comment by Admin Emily Bernhardt: I am a fan of this 2nd alternative	Comment by Genevieve: In favor of 2nd alternative as well	Comment by Murphy: Me, too, for two.


[image: ]The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of a connection.  The Panel believes that such an analysis can be done and would be useful in quantifying determining the significance effect of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).  (The Panel recommends suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely in magnitude across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  	Comment by Murphy: I am following the instructions to the jury that we are not to consider the term ‘significant;’ however, I would like to see it noted somewhere in our report that the term has a very well-defined scientific meaning that is based upon the quantifiable validity of a scientific hypothesis. I personally consider this scientific use of significance to be, without a doubt, the Court’s meaning in Rapanos but we don’t need to go there. Significance is a word scientists should never take in vain.	Comment by Genevieve: I would delete this sentence as the figure/conceptual diagram has been mentioned many times already and suggestions to rely on it have been made earlier in the text.





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.

OKAY – ITS IMPORTANT BUT NOT ESSENTIAL…

GA: I agree to leave the “novelty of chemistry” out for now. We might be able to include it later if other sub-groups also touch on it in their respective responses.
	Comment by Murphy: See my comment below. Chemistry is fine but we need to be more specific. Bad chemistry is that which interferes with the proper function of habitats or has adverse effects on individuals within that habitat through addition of degrading, or retention of nutritional, components.





Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified. In particular, the Panel recommends that the EPA authors examine connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  The time frame for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.  Low frequency, but high magnitude connections can potentially radically change the chemical environment of downstream waters if they lead to the transfer of novel or toxic chemicals from isolated, polluted wetlands. To address the important issues of the timing of connectivity, the The P panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?

I tried to resolve that issue by moving the sentence.

GA: I think it reads OK now



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are is a major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbances (and legacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection types or the trigger the transport of novel chemical or biological speciesnovelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.	Comment by Murphy: I’m not sure I ever saw a list of these references. In any case, I thought that this objection was more of a general conclusion of the panel and audience, i.e., that the authors really didn’t try hard enough to interpret the literature in a useful way. 


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Murphy: See my slight revision above. The “magnitude of the connections” doesn’t make sense.



3. The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 	Comment by Murphy: I don’t understand this. If we are talking about biological connections they still must have a hydrologic basis. For example, we are not talking about avian or insect movement that is not driven by aquatic habitat. The transport mechanism, avian migration, is not hydrologic but the connection, wetland to stream is hydrologic.


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths,  or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection flux that determines the strength of the linkagethe connection between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.	Comment by Genevieve: Should those two sentences be moved up so that they are read right after “The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered.”	Comment by Murphy: In answer to GA15,16 . . . I think that once we have sorted out the meaning of the first sentence of Response 3, these two comments should be merged.	Comment by Genevieve: Should those sentences be moved up so that they are read at the end of item #3? 





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we the Panel feels that it is disingenuous not necessary to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our owntheir expert knowledge of the subject. We The Panel offers these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.	Comment by Murphy: They know who we are.



Key Findings:


Key Finding a - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we the Panel suggests an additional key finding on the BIOLOGICAL FUNCTIONS of unidirectional wetlands:


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”	Comment by Murphy: Do we need to counter the sneer I heard from the audience about spawning salmon? It was BS. The ultimate beneficiary of the nutrients may be terrestrial and beyond the CWA; however, the transport process of bringing nutrients upstream to headwaters IS entirely aquatic and ecologically critical to these waters. But maybe that’s a lotic question (pun intended).


Key Finding c - no suggestions for improvement in existing text. The Panel sSuggesteds an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above preceding finding on “hydrologic connectivity”: 


[bookmark: _GoBack]“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. . 1) Activities by of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”
	Comment by Murphy: Do we need something about disturbance as an adaptive trait in some communities or species? Invasive phreatophytes tend to famously follow the reduction in natural disturbance cycles. I am not sure this applies as much to wetlands, although I am wondering about some Florida examples of adverse hydro-regulation.	Comment by Murphy: ???? Distribution?


Key Finding g.  No suggestions for improvement in existing text.  


The Panel recommends adding including two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on the CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters.” 	Comment by Murphy: Like!


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We The Panel directs the authors to the following references in support of this last statement.


· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.
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Hi Mazieka, 
Thanks again for sending this - I'm attaching our draft.  We have a bit of a divergence on what 
these sections should cover - the 4a view was that the entire floodplain should be considered 
whether or not it is wetland (just as wetlands are considered whether or not they meet the 
regulatory definition.  The key paragraph is on the middle of page 2.  Thoughts?  


Thanks,
Siobhan 
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Charge Question 4a 


Fennessy, Aldous, Reddy, Valett





Charge Question 4(a): Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


We support the Report’s conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters.  The comments below provide suggestions on the additional emphasis and discussion needed in the report to address the significance of bidirectional connectivity.  


Structure of the Report 


Section 5.3 on Riparian and Floodplain Wetlands covers a wealth of topics that could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. Specifically we recommend: 





· Reorganizing the chapter to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian zones and the role of headwater, streamside areas on in-stream structure and function.  We recommend this material be moved from Section 5.3 to Chapter 4.  For example, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian zones on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and rivers are discussed.  Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as their ability to act as nutrient sinks and transformers, to Chapter 5.  Placing all of the literature review on riparian zones in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





· As it stands now, Section 5.3 is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics.  As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· The authors might consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style.  





 


Terminology


The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the wetland.  Defining bidirectional wetlands as ‘waters and wetlands in riparian/floodplain settings’ (as suggested by the Charge Question 1 group) acknowledges the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the report. As it stands now, the report is inconsistent, for example, in some sections of Chapter 5 they are referred to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”.  (need to comment on glossary)





However, it is vital that the ecological role of floodplains, whether or not they are defined as wetlands, is acknowledged in the report. The authors do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not the area studied is a wetland, they took a broad approach to the literature to ensure that studies relevant to riparian and floodplain wetlands were included.  Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed for a much more representative cross section of the literature to be used. The report should consider the functional role of floodplains and riparian zones regardless of their status as Cowardin wetlands; just as wetlands discussed in this report need not meet the Federal regulatory definition of wetland to be included (p. 43), the discussion of floodplains and riparian zones should not be limited to those areas that meet the Cowardin definition of wetlands.  A statement that the text refers to ‘riparian areas, floodplains and waters and wetlands in riparian/floodplain settings’ will clarify that we are referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989). 


 





Issues of Spatial and Temporal Connectivity


Section 5.3 should emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, via the ‘flood pulse’.  The authors recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of the chapter. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989).  We recommend this section emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems via the ‘flood pulse’.  The ‘flood pulse concept’ should be employed as the conceptual backbone of the section, stressing higher order structure and function (as note above, this is in comparison to lower–order, headwater stream systems where the riparian zone is an interface with the terrestrial environment).  The report recognizes this fact (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how ‘riparian/floodplain wetlands’ operate.  The report does recognize the extension of the concept provided by Tockener et al. (2000) to include ‘flow pulses’, but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems via storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes.  The term ‘flood pulse’ is used only 9 times in the body of the entire document.  Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





The report should also increase emphasis on the temporal aspects of floodplain systems as guided by the short duration high intensity ‘flood pulse concept’ for surface waters and long duration low intensity lateral discharge for groundwater.  Addressing the temporal progression of the flood pulse should describe its influence on residence time of surface water, seasonal exchanges with groundwater, chemical and biological linkages, and ecosystem process.  For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event will be extensive, dictated largely by topography, and covering all available habitats.  At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of ‘riparian/floodplain’ environments into the context of the ‘river corridor’ requires developing a perspective of linkage and expansion.  The authors need to be very clear in articulating the bidirectional nature of fluxes and connections back to the river channel, with a focus on the fluxes of water, materials and biota, emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  As such, the section needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters.  Our recommendations include: 


· Use flood-forecasting methods as a means to quantify the strength of surface water connectivity between floodplains and rivers.  Runoff estimates can provide estimates of residence time of water (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing (for example) of N and P. (note to the group – this is not really my area of expertise – any suggestions?)  


· Consider incorporating examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks.  This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation.  


· Stress the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving waters downstream, but also through lateral, vertical and temporal dimensions.  


· Add literature to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity.  Section 5.3 needs more emphasis on these biological exchanges. For example, many references were provided by the review panel regarding the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These include studies by Scheurer et al. (2003) and Falke et al. (2010), who describe fish species in the Great Plains that spawn and rear during in backwaters and floodplain wetlands that flood in the winter and early spring wet season, then dry down in the summer.  These habitats are particularly important for fish larvae.  Similarly, some endangered fishes in the Colorado River watershed have been shown to use backwaters extensively for spawning and rearing (Modde et al. 2001, 2005; Bestgen et al. 2007).  The report would also be strengthened with more emphasis on species that are economically important and/or listed by federal and state agencies. 


· It would be instructive, and more representative of the U.S. as a whole, to broaden the range of examples used in the report. For instance, incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.  














Export versus Exchange 


Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota.  Water and materials move laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede.  As mentioned above, the text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. We recommend strengthening the focus on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Biogeochemical linkages


Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biotic (plants, microbes, fauna) components can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling.  Abiotic components of wetlands (e.g. soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time, which is simply the amount of material in the reservoir divided by the rate at which the material is removed or added to the reservoir.  These issues are important to acknowledge in the report.  We recommend the authors provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments.  The sections on N processing (denitrification), P cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed.  The review on N processes in Section 5.3.2.2 is particularly light, with a very heavy reliance on a single paper by Vidon et al. (2010; cited fully 20 times in in the section on nitrate and denitrification) on the fate and fluxes of N in riparian zones.  There is an extensive literature on this subject, and while the report correctly characterizes N transformations, there are many key references that are not included.  This section should be updated to provide a more recent and diverse assessment of biogeochemical implications of ‘hot-spots and hot-moments’ in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003; see also extensive work by Groffman). Depending on the hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulates biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate/alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drained cycles, water withdrawals, sea level rise, and increases in temperature. Many inorganic elements required by life and biological processes (e.g., plant growth and decomposition) are bioavailable and will respond to these increases. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian wetlands/floodplains can result in an important source of POM and DOM to streams and rivers.





Case Study on Bottomland Hardwoods


The report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining US wetlands.


A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage.  (Note: I’ll continue to work on this, and the section below on Human Impacts)





Human Impacts to Floodplains


We suggest the report address how human impacts to waters and wetlands in riparian/floodplain settings alter connectivity, for example channel incision that breaks the link between riparian wetlands/floodplains with downstream waters. Wetland alterations can demonstrate linkages, there are examples to support the extreme- from restored systems to highly degraded ones. (Margaret Palmer’s work to show connectivity or lack thereof).   A key approach to this analysis is to provide examples of the aggregate effects of floodplains on downstream waters in terms of flooding, biodiverisity, and material flux.  The water quality benefits of riparian areas and floodplains should also be highlighted by explicitly pointing out that the destruction of waters and wetlands in riparian/floodplain settings exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.  
























[bookmark: _GoBack]Recommended References: 





Some references emphasizing how the hydrologic phenomenon of the flood pulse links rivers to the floodplain  (and consequently to wetlands within them):
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On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan <sullivan.191@osu.edu> wrote:

Hi Siobhan -

I've attached a close-to-final version of the draft recommendations for 4b.  I left a note in there from Dave relative to recurrence interval as a temporal component to consider, which I think would be more appropriate for 4a.  Based on our discussion last week, I think that this document should align well with your group's.  If you see anything that you think I should address or that might not jive, please let me know. Otherwise, I'd like to submit to Tom later this afternoon or tomorrow morning.



Thanks!
Mazeika
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 the first on the list.  She will forward it on to the next person in order, so that all the
 comments are embedded in the same document using track changes.  The final document
 will be sent to me.  We will then decide if it is ready for Tom to send out to the other groups
 at that time.  Tom and Iris would like to get the final draft of our sections incorporated into
 a draft report as soon as possible.  (see email from Tom about this deadline).


Thanks for your help.  


Stay warm.


Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


-- 
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)







1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (See charge question 2 response for a detailed discussion on terminology.)


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are major drivers of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland” including geographically isolated wetlands. Major reviews that have been included in the peer review literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references in their individual comments.   ] 



The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within unidirectional wetlands. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2  group use or incorporate this framework.	Comment by Lucinda Johnson: See alternative text in red below.	Comment by Admin Emily Bernhardt: I am a fan of this 2nd alternative


[image: ]The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of a connection.  The Panel believes that such an analysis can be done and would be useful in determining the significance of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient.  (The Panel recommends that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.

OKAY – ITS IMPORTANT BUT NOT ESSENTIAL…






Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified. In particular, the Panel recommends that the EPA examine connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  The time frame for groundwater dynamics occurs at different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.  Low frequency, but high magnitude connections can potentially radically change the chemical environment of downstream waters if they lead to the transfer of novel or toxic chemicals from isolated, polluted wetlands. To address the important issues of the timing of connectivity, the The P panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?

I tried to resolve that issue by moving the sentence.



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbance (and legacies) alter type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection type or the novelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”



3. The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths,  or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection that determines the strength of their linkage between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we feel that it is disingenuous to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our own expert knowledge of the subject. We offer these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.



Key Findings:


Key Finding a - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we suggest additional key finding on BIOLOGICAL FUNCTIONS of unidirectional wetlands


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”


Key Finding c - no suggestions for improvement in existing text. Suggested additional key finding on BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above finding on “hydrologic connectivity”: 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms. 1) Activities by biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can occur among waters with varying frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”



Key Finding g.  No suggestions for improvement in existing text.  


The Panel recommends adding two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters.”


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We direct authors to the following references in support of this statement.


· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.
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From: Siobhan Fennessy
To: Mazeika Sullivan
Cc: Armitage, Thomas
Subject: Re: 4b Panel recommendation draft, almost there
Date: Thursday, January 30, 2014 2:49:34 PM


Hi Mazeika, 
Thanks, I'll take a look and get back to you as soon as I can today (several meetings to go!).  
I'm waiting for some comments on the draft from my subgroup, so I'll also send that to you 
then as well. 


Thanks,
Siobhan 


On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Siobhan -


I've attached a close-to-final version of the draft recommendations for 4b.  I left a 
note in there from Dave relative to recurrence interval as a temporal component to
 consider, which I think would be more appropriate for 4a.  Based on our 
discussion last week, I think that this document should align well with your 
group's.  If you see anything that you think I should address or that might not jive,
 please let me know. Otherwise, I'd like to submit to Tom later this afternoon or 
tomorrow morning.


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
<EAP_SAB_Recommendations for 4b_FINAL_01.30.14.docx>


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
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Gambier, Ohio 43022
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From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: Siobhan Fennessy; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 4(a) and 4(b) for the SAB Connectivity


 Panel"s report(no subject)
Date: Wednesday, February 26, 2014 12:49:09 PM


Hi Tom - 


I've read through the changes and they look fine to send to the entire Panel.


Thanks!
Mazeika


---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Sun, Feb 23, 2014 at 10:23 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


 


Hi Siobhan and Mazeika,


 


I have incorporated some suggested editorial changes into your responses to charge
 questions 4(a) and 4(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for
 SAB reports.  I have listed the recommendations as bullets at the end of each section in order to
 let the reader to clearly see the SAB recommendations.  Please review the attached draft of the
 charge question 4(a) and 4(b)  responses and send me any changes needed by Thursday, February


 27th , or send me a response indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I have made.
 
We will incorporate all of the charge question responses into a complete draft of the Panel’s


(b) (6)
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 report and send it to the entire Panel for review prior to our scheduled conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Siobhan Fennessy
To: Mazeika Sullivan
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: 4b Panel recommendation draft, almost there
Date: Friday, January 31, 2014 1:06:25 PM


Hi Mazeika, 


Thanks - good suggestions!  I'll finish it up and get it sent in later this afternoon. 


Best, 
Siobhan 


On Jan 31, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Siobhan - 


One additional quick thought: For consistency, you might want to explicitly 
suggest that Section 5.3 contain a new, separate temporal section.


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, Jan 31, 2014 at 12:41 PM, Mazeika Sullivan <sullivan.191@osu.edu> 
wrote:


Hi Siobhan - 


I've read through and think it is well-aligned with 4b.  I've made some minor 
comments and suggested a few additional citations. 


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
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The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, Jan 31, 2014 at 11:54 AM, Mazeika Sullivan <sullivan.191@osu.edu> 
wrote:


Good morning Siobhan - 


FYI - I'm reading yours now and will have it back to you with comments 
asap!


Best,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, Jan 31, 2014 at 10:46 AM, Siobhan Fennessy 
<fennessym@kenyon.edu> wrote:


Hi Mazeika, 


I'm attaching your draft with just a few small edits.  It looks great!  I'll 
probably strengthen a few points in the 4a draft in light of what you have 
here (such as food-web linkages, birds, etc).


Thanks!
Siobhan 



mailto:sullivan.191@osu.edu

tel:614-292-7314

tel:614-292-7432

http://go.osu.edu/mazeikasullivan

mailto:sullivan.191@osu.edu

mailto:sullivan.191@osu.edu

tel:614-292-7314

tel:614-292-7432

http://go.osu.edu/mazeikasullivan

mailto:fennessym@kenyon.edu





On Jan 30, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Siobhan -


I've attached a close-to-final version of the draft 
recommendations for 4b.  I left a note in there from Dave 
relative to recurrence interval as a temporal component to 
consider, which I think would be more appropriate for 4a.  
Based on our discussion last week, I think that this document 
should align well with your group's.  If you see anything that 
you think I should address or that might not jive, please let me 
know. Otherwise, I'd like to submit to Tom later this afternoon 
or tomorrow morning.


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
<EAP_SAB_Recommendations for 
4b_FINAL_01.30.14.docx>


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
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Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
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From:  on behalf of Emily Bernhardt
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the SAB Connectivity


 Panel"s report
Date: Tuesday, February 25, 2014 12:32:27 PM


I like the alternate version much better. Thanks.


Emily


On Tue, Feb 25, 2014 at 12:06 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Emily,


 


Thank you for reviewing the revised charge question 5(b) response.  We added the text on line 8
 page 6 as an introduction and will remove that paragraph if you don’t want to include it.  Please
 let me know if you want us to delete it.


 


If you think it would be useful to include a brief introductory statement, Iris suggests the following
 alternative:


 


In responding to EPA’s findings and conclusions regarding connectivity among open waters and
 unidirectional (non-floodplain) wetlands and downstream waters (Section 1.43 of the Report), the
 SAB focused on knowledge drawn from the peer-reviewed literature, especially that:  (1)
 connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath can be
 described as a gradient that varies over space and time, and (3) that each contributes to of the
 downstream effects of multiple connectivity flowpaths.


 


Thanks,


 


Tom


 


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


(b) (6)(b) 











On Mon, Feb 24, 2014 at 4:34 PM, Armitage, Thomas <Armitage.Thomas@epa.gov>
 wrote:


Hi Lucinda and Emily,


 


Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 5(a) and 5(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for
 SAB reports.  We have listed the recommendations as bullets at the end of each section in order
 to let the reader clearly see the SAB recommendations.  Please review the attached draft of the
 charge question 5(a) and 5(b)  responses and send me any changes needed by Thursday, February


 27th , or send me a response indicating that you agree with the edits.


 


I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.


 


We will incorporate all of the charge question responses into a complete draft of the Panel’s
 report and send it to the entire Panel for review prior to our scheduled conference calls.


 


Thanks very much,


 


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.







 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 


 


 


--


><<<*> ~~~~~ <*>>><


Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)


919-660-7318 (office)


 


-- 
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)












From:  on behalf of Mazeika Sullivan
To: Siobhan Fennessy; Armitage, Thomas
Subject: 4b Panel recommendation draft, almost there
Date: Thursday, January 30, 2014 12:48:39 PM
Attachments: EAP_SAB_Recommendations for 4b_FINAL_01.30.14.docx


Hi Siobhan -


I've attached a close-to-final version of the draft recommendations for 4b.  I left a note in there
 from Dave relative to recurrence interval as a temporal component to consider, which I think
 would be more appropriate for 4a.  Based on our discussion last week, I think that this
 document should align well with your group's.  If you see anything that you think I should
 address or that might not jive, please let me know. Otherwise, I'd like to submit to Tom later
 this afternoon or tomorrow morning.


Thanks!
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


(b) (6)
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4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies rather than floodplains that are periodically inundated (i.e., non-floodplain riparian zones), which weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. This might prove to be the best opportunity to highlight how hydrologists estimate the degree of connectivity, using flood frequency – floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) in channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.	Comment by David: We could also recommend that section 5.3 explicitly define recurrence interval and refer to the large body of hydrologic literature on estimation approaches. This could mention overbank flows (2 years out of 3), 10-yr and 100-yr events to establish the variable timescale for connectivity. This might be incorporated into the suggestion on flood fore-casting just below.
Going beyond what I would argue for here, but as context for my remark:  In my reading of the chapter 2 sub-committee, there is language that implies to me that everything is connected given a long enough timeframe.  I will suggest to that group that we should put reasonable bounds on time (say, 100-yr events) for the timeframe to be taken seriously, and I think the magnitude-frequency relationship needs more attention.  

Mazeika:  I agree, and had a similar reaction to the “sufficiently long time scale” language.  Relative to your point above, would you like to work this in to the current text or would you prefer that I pass your comment on to Dr. Fennessy for inclusion in 4a?  
DAVE: THAT WOULD BE FINE





3. Further quantification:


The key conclusions could be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on the Panel’s recommendations for Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency – lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





8. Aggregrate/cumulative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.








Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


[bookmark: _GoBack]1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


For conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  








1














From:  on behalf of Emily Bernhardt
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the SAB Connectivity


 Panel"s report
Date: Tuesday, February 25, 2014 9:43:39 AM
Attachments: ESB Response to question 5(a) and 5(b) redline.docx


Tom & Iris (& Lucinda)


I went through this carefully this morning. The reformatting and heading structure is very
 helpful to the document and I find the edits have only improved and clarified our intended
 message.


The only place that felt unfamiliar to me was this text beginning line 8 on p. 6


"In reviewing EPA’s findings and conclusions regarding connectivity among open waters and
 unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the
 Report), the SAB focused on: (1) conclusions that can be drawn from the peer-reviewed
 literature; (2) knowledge that connectivity occurs through multiple mechanisms, with each
 mechanism exhibiting variability in space and time; (3) knowledge that connectivity extends
 beyond hydrologic connectivity and each mechanism for connectivity varies in frequency,
 magnitude, and duration over space and time; and (4) knowledge that there are alternative
 ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of
 minimum hydrologic connection or the consideration of the downstream effects of multiple
 connectivity mechanisms."


Can you send me the original version of this text? I'm just not quite clear on what the point of
 this paragraph is. Is it necessary?


Emily


 


On Mon, Feb 24, 2014 at 4:34 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda and Emily,


 


Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 5(a) and 5(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for
 SAB reports.  We have listed the recommendations as bullets at the end of each section in order
 to let the reader clearly see the SAB recommendations.  Please review the attached draft of the


(b) (6)(b) 







 charge question 5(a) and 5(b)  responses and send me any changes needed by Thursday, February


 27th , or send me a response indicating that you agree with the edits.


 


I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.


 


We will incorporate all of the charge question responses into a complete draft of the Panel’s
 report and send it to the entire Panel for review prior to our scheduled conference calls.


 


Thanks very much,


 


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 


 







-- 
><<<*> ~~~~~ <*>>><
Emily Bernhardt
Associate Professor
3313 French Science Building
Department of Biology
Duke University
Durham, NC 27708
emily.bernhardt@duke.edu
646-825-1278 (cell)
919-660-7318 (office)







2/23/14 Draft. This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE





3.5.	Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





3.5.1.	Review of the Literature on Waters and Wetlands With Potential for Unidirectional Hydrologic Flows to Rivers and Lakes 





Charge Question 5(a). Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





The SAB finds that the review and synthesis of the literature on the downstream connectivity and effects of wetlands and open waters with the potential for unidirectional connectivity is generally thorough, technically accurate, and readable.  As previously mentioned, the SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands. The SAB finds that the exclusive focus in Section 5.4 and other parts of the Report on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters.  The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections.  The SAB recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.  As previously discussed, the SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections.  The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes.  In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings. 





Summary of Comments:


· The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature be added, referencing additional publications on biological connections, especially those which analyze material flows generated by avian fauna.


· The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands  (see charge question 2 response for a detailed discussion on terminology).


· The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (see Figure X). 


· The panel recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages.   Because the nation’s wetlands differ significantly from state to state, the draft Report should acknowledge this variability and present an analysis on the scientific literature’s coverage of this variability.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.


· Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.  In addition, the draft report should discuss the differences between anthropogenic wetland settings and those found in natural settings.





Detailed Comments: 3.5.1.1.  Summary of the Literature on “Unidirectional” Wetlands





The SAB Overall, the Panel finds that the Rreport has capturesd the most relevant literature on “unidirectional wetlands,” including “geographically isolated wetlands,wetlands” as defined in the  under the Report.’s definition of “unidirectional wetland”, including geographically isolated wetlands.  The Report’s bibliography includes mMajor review papers from s that exist in the peer-reviewed literature.  To these, t have been included in the bibliography. The Panel SAB recommends  adding the 2013 review paper believes“Concepts of hydrological connectivity:  research approaches, pathways and future agendas,” by L.J. Bracken, et al.  that some additional literature from 2013 can be added and also The SAB also  recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added to the Report. It is particularly important to include findings from additional literature on the biological exchanges . Connections between unidirectional wetlands and downstream waters created made by major species assemblages (e.g., of species such as amphibians, birds, reptiles, and invertebrates).  could then be further discussedThese b. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), , introduction of disease vectors or other living matter,, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for biological integrity and completion of life cycles  of downstream species.





Recommendations





· The literature review in Section 5.4 of the Report is generally thorough, technically accurate and readable; however, the SAB recommends that the 2013 review article by L.J. Bracken et al. be added to the Report.





· The EPA should consider adding to the Report additional publications on the subject of on biological connections, including those referenced in this SAB report. It is especially important to review publications which analyze material flows generated by avian fauna.





· The SAB recommends that the EPA also consider adding to the Report the following selected references that are particularly pertinent to the discussion of isolated wetlands: Brunet and Westbrook (2012); Croke et al. (2005); Conly et al. (2001); Fang and (2008); Gray et al. (1984); Hayashi and Van der Kamp (2000); Hayashi et al. (2003); Montgomery (1994); Shaw et al. (2012); Spence (2007); Spence and Woo (2003); Stichling and Blackwell (1957); Thompson et al. (2008); Van der Kamp et al. (2003); Van der Kamp et al. (2008); Wemple et al. (1996); Wemple et al. (2001); Wigmosta and Perkins (2001); Woo and Rowsell (1993); and Yang, et al. (2010).





3.5.1.2.  Clarification of Terms in Section 5.4 of the Report





The SAB finds the new term “unidirectional wetlands “ as used in the Report implies a sole focus on one-way hydrologic flows, when in fact, connectivity can have many dimensions.  These dimensions include not only connections to surface and shallow subsurface water flows, but also to chemical and biological functions that provide connectivity.  The SAB suggests that the draft Report’s new wetland terms be replaced; i.e., “bidirectional wetlands” would be redefined as those within floodplains, and “unidirectional wetlands” as those not within a floodplain (i.e., non-floodplain wetlands).  The influence of these wetlands on downstream connectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, described below.





Recommendation





· The terms “unidirectional” and “geographically isolated” wetlands should be replaced in the Report with the terms “non-floodplain wetlands” and “floodplain wetlands.”





3.5.1.3.  Recommended Conceptual Framework for Synthesizing Types and Gradients of Connectivity





As discussed in the response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework having multiple flowpaths that correspond to the multiple dimensions of connectivity.  The five functional flowpaths used to describe connectivity the draft Report – i.e., source, sink, refuge, lag, transformation  are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential way to map the five flowpaths across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functions provided by non-floodplain (“unidirectional”) wetlands to downstream waters.  





Similarly tThe SAB Panel recommends that the conceptual framework  discussed below (see Figure 1, shown below, ) be used utilized as a means to frame the  discussion about the type and gradient of various types of connectionsconnections  that occur between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s new nomenclature).  


and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well..  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.


The Panel recommends that the report be 





These reorganized around multiple dimensions of connectivity to the types of connections between wetlands and downstream waters- includeing  connections provided by surface waters, ground water, chemical transformation, and  and biological functions.  Each dimension of connectivity should be arrayed as a gradient, as illustrated in , with specific attention paid to the gradients of these pathways (see Figure 1.  This approach could be used to synthesize findings from the .  The literature in terms of analysis should focus more on ththe degree of  connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:1]) rather than just only the presence of any connection. Endpoints for each gradient should be identified where possible.  The Panel believes that such an analysis can be done and would be useful in quantifying the effect of such a connection . We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, For example, it should be acknowledged that there areterminal salt lakes and playas are examples of  wetlands and open water bodies that have weak hydrologic connections.are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).   The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.   [1:  Note that, in this context, frequency, magnitude, and duration, apply to all five functional flowpaths, and not to just hydrologic connectivity.] 






[image: ]





Figure 1: Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.





Recommendations





· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, the EPA should refer to the conceptual framework the SAB has recommended for the Report (see Section 3.2.3 of this report).





· The EPA should use Figure 1 in this SAB report to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.





· The EPA should identify endpoints for each connectivity gradient, and quantify the degree of each connection to the degree possible.








3.5.1.4.  Temporal and Spatial Scales of Connections Among Non-Floodplain Wetlands and Open 


	Waters





Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency and duration of connections quantified to the degree permitted in the literature.  In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g. days versus thousands of years) to establish the magnitude, duration and frequency of connections.  For example, groundwater dynamics occur at a much longer time scales than that of surface and shallow subsurface flows.  Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods.  High magnitude floods may infrequently connect wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants with subsequent long-lived damaging effects.  Such instances are likely to be unusual circumstances and case specific.  Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 





The SAB recommends that the authors consider the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands.  The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude.  That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways.  A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies.   





Recommendations





· The EPA should recognize in the Report that all aquatic habitats are connected to downstream water over sufficiently long time scales.





· The EPA should assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.





The Panel suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands.”  Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.





[bookmark: OLE_LINK1]3.5.1.5.  Assessing Wetland Connectivity Based on Aggregate Analysis of Wetland Complexes





Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified.   In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  For example, the time frames for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.   High magnitude floods  may provide a connection between wetlands and downstream waters infrequently and  the effect to downstream waters may be short lived and inconsequential unless the impact is associated with the transfer of a toxic pollutant.   These are likely to be unusual circumstances and case specific.   Geographic differences also come to play when considering rainfall patterns and stream flow frequency and should be evaluated using the scientific literature.  . To address the important issues of the timing of connectivity, the. 


Assessment of the degree of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands.  This is because regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g. distance from and size of wetlands (or similar wetland types). in the evaluation of the degree of connectivity.  The SAB notes that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local.  These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 





Recommendations





· The Report should be revised to discuss and recommend assessment of wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 





· The Report should be revised to discuss and recommend use of regionalization methods to summarize information about wetland connectivity at nested scales. Regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.





3.5.1.6.  Discussion of Human Alteration of Landscapes in Section 5.4 of the Report





The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   As previously discussed, Hhuman disturbances (and related legacy effectslegacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none previously existed, others alter existing types of connections types or trigger the transport of novel chemical or biological species. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide have the same ecosystem functions as natural wetlands.  The SABPanel recommends that the Section 5.4, as well as other sections of the Draft Report acknowledge these types of alterations or man-made habitats and include incorporate a discussion of about current and past (legacy) human disturbances and how they that alter the type, strength, and magnitude of connectivity pathways.





Recommendation





· Section 5.4, and other sections of the Report, should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways.





3.5.2.	Review of the Findings and Conclusions Concerning Waters and Wetlands With Potential for Unidirectional Hydrologic Flows to Rivers and Lakes





RESPONSE DRAFT FOR CHARGE 5b





Charge Question 5(b).  Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.





[bookmark: _GoBack]In reviewing EPA’s findings and conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.4.3 of the Report), the SAB focused on: (1) conclusions that can be drawn from the peer-reviewed literature; (2) knowledge that connectivity occurs through multiple mechanisms, with each mechanism exhibiting variability in space and time; (3) knowledge that connectivity extends beyond hydrologic connectivity and each mechanism for connectivity varies in frequency, magnitude, and duration over space and time; and (4) knowledge that there are alternative ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of minimum hydrologic connection or the consideration of the downstream effects of multiple connectivity mechanisms. 	Comment by Admin Emily Bernhardt: I am not entirely sure I like point 4 here and don't remember this statement, it seems to open a window to choose between dichotomous classification vs. a gradient approach that i personally would like to see us avoid. 





3.5.2.1.   Scientific Support for the Conclusions Concerning Waters and Wetlands


	   With Potential for Unidirectional Hydrologic Flows to Rivers and Lakes 





STATED CONCLUSIONS


1. The SAB Panel disagrees with the overall conclusion in Section 1.4.3 of the Report (Conclusion 3) indicating that ,“The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.” This statement is inconsistent with the text immediately preceding it, which describes numerous functions of unidirectional wetlands that can benefit downstream water quality and integrity. Furthermore,  the conclusion pays too little attention to the effect of biological connections on downstream waters.   The SABPanel finds that the scientific literature does provide information to support a more definitive statement, and strongly recommends that the authors revise this conclusion to focus on what is supported by the scientific literature does support  and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability).analysis) Relevant literature citations are provided in this SAB report.  








2. The SABPanel recommends that Conclusion 3 in the Report third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends that Panel suggests the following text to be included in open the conclusion 3 in order to  section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


1  


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”



3. The SAB Panel recommends that all of the Report’s the conclusions should encompass connections connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 


The SAB recommends that Wwithin the text of the third conclusion 3 in the Report, the authors should explicitly state recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.



4. The SABPanel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The SABPanel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





Recommendations





· The overall conclusion for floodplain and non-floodplain wetlands (Conclusion 3 in Section 1.4.3) should be revised to focus on what is supported by the scientific literature  and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability).  





· The following text should be included in Conclusion 3 of the Report: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”





· All of the Report’s conclusions should encompass connections beyond hydrologic connectivity, and the frequency, magnitude, and duration of these connections should be considered.





· Conclusion 3 of the Report should explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 





· The conclusions in the Report should state that connectivity is based on the magnitude and effect of water, material, or biotic fluxes to downstream waters.  





· The assessment of connectivity must shift from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





3.5.2.1.    Recommendations Concerning Findings for Waters and Wetlands With Potential


	 for Unidirectional HydrologicFlows to Rivers and Lakes 





KEY FINDINGS





The SAB provides a number of recommendations to improve the presentation of findings in Section 1.4.3 of the Report. 


1. The SAB recommends  Panelthat suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings.  As The Report’s conclusions these araree intended to summarize general themes arising from a broad synthesis of diverse literature.  synthesis, Tthe SABPanel  finds that feels that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SABPanel recommends the Key Findings be short and concisely stated.


2. The panelists articulated modified versions of several of the key findings that are consistent with the literature synthesis performed and their knowledge of the subject. The Panel offers these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections
Key Findings:








The Panel  SAB recommends that the key findings be more explicitedly presented in the text of the Report.  Conclusions about unidirectional wetlands are summarized in Table 5-4,  provides a sumbut these same summary points are mary, but it is not clearly explained in the text itself.  In addition, Table 5-4 discusses functions of wetlands (though not water bodies) but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature.  For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refer to such is a functions, but there is no conclusion about how these on how this would affect downstream waters.    








The SAB recommends revisions of several of the key findings in Section 1.4.3 of the Report. These revisions are consistent with the literature synthesis performed and the SAB’s knowledge of the subject.








Key Finding a:  





The SABPanel agrees with this general statement about the hydrosphere and general interconnectivity of wetlands and has no recommendations for changes in the existing text.





Key Finding b





[bookmark: OLE_LINK2][bookmark: OLE_LINK3] - The SABPanel recommends including the following statement as suggests an additional key finding on the biological functions BIOLOGICAL FUNCTIONS of unidirectional wetlands:





”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”





The Draft Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production.  In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments.  The functions and values of these wetlands may be severely compromised or absent and therefore may not have similar influences on downstream waters as natural wetlands may have.





Key Finding c





 - The SABPanel suggests recommends including the following statement in the Report as an additional key finding about an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”:


 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.





Key Finding dg.





  The SAB has No no suggestionsrecommendations for improvement  changes in the existing text. 





Key Finding e





The SAB has no recommendations for changes in the existing text.





Key Finding f





 


The SABPanel recommends including following two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings f.





  . 


1. Suggested additional key finding on spatial proximity SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”





2. Suggested additional key finding on the cumulative or aggregate impactsCUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”





The SABPanel directs recommends that the Report authors to cite the following references in support of this last statement:. Preston and Bedford (1988); Lee and Gosselink (1988). 





Recommendations





· The authors should remove references to specific studies within the text of the key findings in the Report.  The Report’s conclusions are intended to summarize general themes arising from a broad synthesis of diverse literature.





· The key findings should be more explicitly presented in the text of the Report.  Conclusions about unidirectional wetlands are summarized in Table 5-4, but these same summary points are not clearly explained in the text itself.





·  The SAB recommends revisions of several of the key findings in Section 1.4.3 of the Report (see recommended text above).
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1/17/142/20/2014  Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








65.x. Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”


Reformatted by Goodman, Feb. 12014


5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


In response to charge question 5.A., the SAB finds that the review and synthesis of the literature on the effects of wetlands and certain open waters on downstream connectivity is generally thorough, technically accurate, and readable.  The SAB recommends the authors reconsider use of the terms “unidirectional” and “geographically isolated wetlands (see also response to Charge question 2).  The SAB finds that the Report’s exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters.  The SAB recommends that the Report be reorganized to reflect the types of connections between wetlands and downstream waters, including surface water, ground water, and biological connections, with specific attention paid to the magnitude, duration, and frequency of these connections.  The SAB further recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional[footnoteRef:1] context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.  The SAB also finds that human disturbance may change the type of connections as well as the magnitude, frequency, and duration of the connections.  The SAB recommends that the draft Report be revised to acknowledge the role of humans in these changes.  In addition the draft Report should discuss the differences between manmade wetlands and those found in natural settings.  [1:  ] 



Summary of Comments:


1. 


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands  (see charge question 2 response for a detailed discussion on terminology).


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (see Figure X). 


4. The panel recommends that spatial landscape position and scale be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages.   Because the nation’s wetlands differ significantly from state to state, the draft Report should acknowledge this variability and present an analysis on the scientific literature’s coverage of this variability.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units based on geographic distribution.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.  In addition, the draft report should discuss the differences between anthropogenic wetland settings and those found in natural settings.	Comment by Murphy: Like!





Detailed Comments:Summary of the literature


The SAB Overall, the Panel finds that the Rreport has capturesd the most relevant literature on “unidirectional wetlands,” including “geographically isolated wetlands,wetlands” as defined in the  under the Report.’s definition of “unidirectional wetland”, including geographically isolated wetlands.  The Report’s bibliography includes mMajor review papers from s that exist in the peer-reviewed literature.  To these, t have been included in the bibliography. The Panel suggests adding the 2013 review paper believes“Concepts of hydrological connectivity:  research approaches, pathways and future agendas,” by L.J. Bracken, et al.  that some additional literature from 2013 can be added and also The SAB also  recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna, be added.[footnoteRef:2]  The findings from this additional literature should be included in the revised text, especially regarding biological exchanges . Connections between unidirectional wetlands and downstream waters created made by major species assemblages (e.g., of species such as amphibians, birds, reptiles, and invertebrates).  could then be further discussedThese b. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), , introduction of disease vectors or other living matter,, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for biological integrity and completion of life cycles  of downstream species. [2:  Panel members have provided additional references at the end of this response document and in Appendix X.   ] 



Recommendation


· Include the 2013 review article by L.J. Bracken et al. and additional publications (provided in this chapter’s bibliography)on the subject of biological connections, especially those which analyze material flows generated by avian fauna, in the Report’s discussion and bibliography.


Clarification of terms


The SAB finds the new term “unidirectional wetlands “ as used in the Draft Report implies a sole focus on one-way hydrologic flows, when in fact, connectivity can have many dimensions.  These dimensions include not only connections to surface and shallow subsurface water flows, but also to chemical and biological functions that provide connectivity.  The SAB suggests that the draft Report’s new wetland terms be replaced; i.e., “bidirectional wetlands” would be redefined as those within floodplains, and “unidirectional wetlands” as those not within a floodplain (i.e., non-floodplain wetlands).  The influence of these wetlands on downstream connectivity can then be explained in the context of their landscape setting and with respect to the conceptual framework, described below.


Recommendation: 


· Replace“ unidirectional” and “geographically isolated” wetlands with the existing terms “non-floodplain wetlands” and “floodplain wetlands.”





Recommended conceptual framework and figure for synthesizing types and gradients of connectivity


As described in response to charge question 2, the SAB recommends the Report be revised to use a conceptual framework having multiple flowpaths that correspond to the multiple dimensions of connectivity (see also Section 2.xx, p.xx of this report).  The five functional flowpaths used to describe connectivity the draft Report – i.e., source, sink, refuge, lag, transformation -- are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential way to map the five flowpaths across different regional settings in order to assess the consequences and relative extent of hydrologic, biological, and beneficial chemical functions provided by non-floodplain (“unidirectional”) wetlands to downstream waters.  


Similarly tThe SAB Panel recommends that the conceptual framework  discussed below (see Figure X, shown below, ) be used utilized as a means to frame the  discussion about the type and gradient of various types of connectionsconnections  that occur between and among floodplain wetlands and non-floodplain wetlands and downstream waters (or “bidirectional” and “unidirectional wetlands,” respectively, using the Report’s new nomenclature).  


and downstream waters. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well..  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Murphy:  Somewhere I would like to see this stated in some form . . . “Transport (or flux) is measured by magnitude of energy/mass transfer, duration of flow and the event frequency of flow, which, if it occurs (on a flow path) between or to aquatic environments, quantifies hydrologic connectivity.”


The Panel recommends that the report be These reorganized around multiple dimensions of connectivity to the types of connections between wetlands and downstream waters- includeing  connections provided by surface waters, ground water, chemical transformation, and  and biological functions.  Each dimension of connectivity should be arrayed as a gradient, as illustrated in , with specific attention paid to the gradients of these pathways (see Figure X).  This approach could be used to synthesize findings from the .  The literature in terms of analysis should focus more on ththe degree of  connectivity pathways (e.g., magnitude, duration, frequency[footnoteRef:3]) rather than just only the presence of any connection. Endpoints for each gradient should be identified where possible.  The Panel believes that such an analysis can be done and would be useful in quantifying the effect of such a connection . We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, For example, it should be acknowledged that there areterminal salt lakes and playas are examples of  wetlands and open water bodies that have weak hydrologic connections.are weakly (minimally) hydrologically connected and it is important to define this end of the gradient (e.g., terminal salt lakes, playas).   The SAB finds that such an analysis is possible and would be useful for summarizing the effects of such connections in semi-quantitative terms.   [3:  Note that, in this context, frequency, magnitude, and duration, apply to all five functional flowpaths, and not to just hydrologic connectivity.] 



Recommendations: 


· When describing connectivity for floodplain and non-floodplain wetlands and certain open waters, refer to the conceptual framework the SAB has recommended for the draft Report (see Section 2.x, p. xx of this report).


· Use Figure X to frame the discussion of connectivity gradients and magnitude, duration, and frequency of connectivity pathways among floodplain wetlands and non-floodplain wetlands and downstream waters.


· Identify endpoints for each connectivity gradient, to the degree possible.


Temporal and spatial scales


[image: ]Temporal and spatial scales of connections among non-floodplain wetlands and open waters should be addressed explicitly with the magnitude, frequency and duration of connections quantified to the degree permitted in the literature.  In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  For example, groundwater dynamics occur at a much longer time scales than that of surface and shallow subsurface flows.  Consequently, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, groundwater flows may be important in sustaining flows in rivers and streams during drought periods.  High magnitude floods may infrequently connect wetlands with downstream waters and the subsequent effect on downstream waters may be short lived and inconsequential unless floods transfer a toxic pollutants with subsequent long-lived damaging effects.  Such instances are likely to be unusual circumstances and case specific.  Geographic differences across spatial scales are also important determinants of rainfall patterns and streamflow frequency; such effects should be evaluated using the scientific literature. 


The SAB recommends that the authors consider the following statement that reflects the temporal dynamics of connections of minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands.”  The SAB also recommends that the report discuss the various types of connectivity in terms of their effect on downstream water quality and biological integrity, not just in terms of frequency or magnitude.  That is, low frequency or high magnitude events can “re-set” biological and ecological functions in important ways (last sentence based on minutes).  A summary of such effects could be gleaned from the literature or from examples provided in the Report’s case studies.   


Recommendations:


· Recognize that all aquatic habitats are connected to downstream water over sufficiently long time scales.


· Assess connectivity in terms of downstream effects, not just in terms of frequency, magnitude, or duration of connections.


The Panel suggests that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the effects of these connections vary widely in magnitude across wetlands.”  Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.





[bookmark: OLE_LINK1]Assessments of wetland connectivity should be based on aggregate analysis of wetland complexes


Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified.   In particular, the Panel recommends that the authors examine the degree of connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  For example, the time frames for groundwater dynamics occurs at a different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have an immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.   High magnitude floods  may provide a connection between wetlands and downstream waters infrequently and  the effect to downstream waters may be short lived and inconsequential unless the impact is associated with the transfer of a toxic pollutant.   These are likely to be unusual circumstances and case specific.   Geographic differences also come to play when considering rainfall patterns and stream flow frequency and should be evaluated using the scientific literature.  . To address the important issues of the timing of connectivity, the. 


Assessment of wetland connectivity is best conducted on aggregated wetland complexes rather than on individual wetlands.  This is because regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. Spatial landscape position and scale should also be considered when evaluating the degree of connectivity, e.g. distance from and size of wetlands (or similar wetland types). in the evaluation of the degree of connectivity.  Note that various frameworks for regionalization exist and include characterizations of landscapes at nested scales, such as regional, sub-regional, and local.  These nested scales can be used to summarize variability in connectivity identified in the peer-reviewed literature. 


Recommendations:


· The draft Report should be revised to discuss and recommend assessment of wetland connectivity in terms of aggregated wetland complexes, rather than individual wetlands. 


· The draft Report should be revised to discuss and recommend use of regionalization methods to summarize information about wetland connectivity at nested scales. Regional context (e.g., geology, climate, landforms, surficial sediments) is a major driver of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


Human alteration of landscapes


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbances (and related legacy effectslegacies) alter the type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none previously existed, others alter existing types of connections types or trigger the transport of novel chemical or biological species. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not provide have the same ecosystem functions as natural wetlands.  The SABPanel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and include incorporate a discussion of about current and past (legacy) human disturbances and how they that alter the type, strength, and magnitude of connectivity pathways.


Recommendation:


· The draft Report should be revised to discuss the legacy effects of human disturbances and their effect on the type, strength, and magnitude of connectivity pathways.






RESPONSE DRAFT FOR Charge HARGEQuestion 5(b)


5(b) Conclusion (3) in section 1.4.3 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 5(a) above. Please comment on whether the conclusions and findings in section 1.4.3 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.


In response to charge question 5.B., the SAB discussed four topics related to the draft Report’s conclusions regarding connectivity among open waters and unidirectional (non-floodplain) wetlands and downstream waters.  The topics were: (1) discerning what could be concluded from the peer-reviewed literature; (2) connectivity as the expressed through multiple mechanisms, with each mechanism exhibiting variability in space and time; (3)  how connectivity extends beyond hydrologic connectivity and that each mechanism for connectivity varies in frequency, magnitude, and duration over space and time; and (4)  alternative ways to establish criteria for determining connectivity, e.g., as a dichotomous finding of minimum hydrologic connection or the consideration of the downstream effects of multiple connectivity mechanisms. 


Findings regarding the draft Report’s conclusions:


STATED CONCLUSIONS


1. The SAB Panel disagrees with the Report’s overall conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The SABPanel strongly recommends that the authors revise this conclusion to identify conclusions that are focus on what tsupported by the scientific literature does support  and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability).analysis)  





2. The SABPanel recommends that the Report’s third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The SAB recommends Panel suggests the following text to be used in the Report’s introduction to its open the conclusions in order to  section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


·  


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”	Comment by Murphy: See my slight revision above. The “magnitude of the connections” doesn’t make sense.



3. The SAB Panel recommends that all the Report’s the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 	Comment by Murphy: I don’t understand this. If we are talking about biological connections they still must have a hydrologic basis. For example, we are not talking about avian or insect movement that is not driven by aquatic habitat. The transport mechanism, avian migration, is not hydrologic but the connection, wetland to stream is hydrologic.


Within the text of the third conclusion, the SAB recommends that the authors should explicitly state recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface water, shallow subsurface or groundwater flowpaths, or through the movement of biota. It is the magnitude and effect of material, water or biotic fluxes rather than the simple presence or absence of a flux that determines the strength of the connection between a wetland and downstream waters.



4. The SABPanel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The SABPanel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.	Comment by Genevieve: Should those two sentences be moved up so that they are read right after “The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered.”	Comment by Murphy: In answer to GA15,16 . . . I think that once we have sorted out the meaning of the first sentence of Response 3, these two comments should be merged.	Comment by Genevieve: Should those sentences be moved up so that they are read at the end of item #3? 


Reommendations 


· The overall conclusion for floodplain and non-floodplain wetlands should be revised to identify conclusions that are supported by the scientific literature and to provide more specifics on what still needs to be resolved (e.g. degree of connectivity, analyses of temporal or spatial variability).  


· The following text should be used in the Report’s introduction to its conclusions: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”


· All the Report’s conclusions should encompass connectivity beyond hydrologic connectivity, and the frequency, magnitude, and duration of these several connections should be considered. 


· The third conclusion should explicitly state the four pathways by which unidirectional wetlands can be connected to downstream waters: i.e., via surface water, shallow subsurface flowpaths or groundwater flowpaths, or through the movement of biota. 


· The conclusions should state that connectivity is based on the magnitude and effect of water, material, or biotic fluxes to downstream waters.  


· The assessment of connectivity must shift from a dichotomous, categorical distinction (connected vs. not connected) to a gradient approach that recognizes variation in the strength, duration and magnitude and effect of those connections.





Discussion of the draft Report’s Key Findings KEY FINDINGS


1. The SAB recommends  Panelthat suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings.  As The Report’s conclusions these araree intended to summarize general themes arising from a broad synthesis of diverse literature.  synthesis, Tthe SABPanel  finds that feels that it is not necessary to attribute these overarching findings to one or a few specific studies. Further, the SABPanel recommends the Key Findings be short and concisely stated.


2. The SAB panelists has articulated revisions modified versions of sseveral of the Report’s key findings.  These revisions  that are consistent with the literature synthesis performed and the SAB’s their knowledge of the subject. The SAB Panel offers these revised findings as a straw man to stimulate discussion conversation and revision in response to significant concerns.  First,  that: a) the Report’s original conclusions for  (5b) did not match the text that preceded it within (5a).  Second,  the conclusions paid and b) there was too little attention paid to the effect of biological connections on downstream waters..






Key Findings:


The Panel recommends that the key findings be more explicitedly presented in the text.  Conclusions about unidirectional wetlands are summarized in Table 5-4,  provides a sumbut these same summary points are mary, but it is not clearly explained in the text itself.  In addition, Table 5-4 discusses functions of wetlands (though not water bodies) but does not present conclusions on how those functions translate to an effect on downstream water quality based on the magnitude or duration of any of the modes of connection discussed in the literature.  For example, the statement that “unidirectional wetlands can remove, retain, and transform many nutrient inputs” refer to such is a functions, but there is no conclusion about how these on how this would affect downstream waters.    





Key Finding a:  The SABPanel agrees with this general statement about the hydrosphere and general interconnectivity of wetlands.    


[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Key Finding b - The SABPanel recommends the following statement as suggests an additional key finding on the biological functions BIOLOGICAL FUNCTIONS of unidirectional wetlands:


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”	Comment by Murphy: Do we need to counter the sneer I heard from the audience about spawning salmon? It was BS. The ultimate beneficiary of the nutrients may be terrestrial and beyond the CWA; however, the transport process of bringing nutrients upstream to headwaters IS entirely aquatic and ecologically critical to these waters. But maybe that’s a lotic question (pun intended).


The dDraft Report’s conclusion on the similarity between wetlands and water bodies needs further substantiation from the literature as the functions within each are quite different, especially in nutrient and organic matter production.  In addition, this conclusion should recognize the differences between natural wetland systems and those which are man-made or are found in urban environments.  The functions and values of these wetlands may be severely compromised or absent and therefore may not have similar influences on downstream waters as natural wetlands may have.


Key Finding c - The SABPanel suggests recommends the following statement as an additional key finding about an additional key finding on the BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the preceding finding on “hydrologic connectivity”: 


[bookmark: _GoBack]“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms: 1) activities of biological organisms within wetlands, and 2) movements of animals and plants. Activities of biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and spatial density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can also occur among waters with varying magnitude, frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.	Comment by Murphy: Do we need something about disturbance as an adaptive trait in some communities or species? Invasive phreatophytes tend to famously follow the reduction in natural disturbance cycles. I am not sure this applies as much to wetlands, although I am wondering about some Florida examples of adverse hydro-regulation.	Comment by Murphy: ???? Distribution?


Key Finding dg.  The SAB has No no suggestions for improvement in the existing text.  


The SABPanel recommends including two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings.  These are:. 


1.  Suggested additional key finding on spatial proximity SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and streams that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on the cumulative or aggregate impactsCUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters. Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”	Comment by Murphy: Like!


The SABPanel directs the Report authors to cite the following references in support of this last statement.





· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.








Additional references to be added to the draft Report:





Bracken, L. J., Wainwright, J., Ali, G. A., Tetzlaff, D., Smith, M. W., Reaney, S. M., and Roy, A. G. (2013). Concepts of hydrological connectivity: research approaches, pathways and future agendas. Earth Science Reviews 119: 17-34.





Brunet, N. N. and Westbrook, C. J. (2012). Wetland drainage in the Canadian prairies: Nutrient, salt and bacteria characteristics.  Agriculture, Ecosystems and Environment 146(1):1-12.





Croke, J., Takken, I., and Mockler, S. (2005). Sediment concentration changes in runoff pathways from a forest road network and the resultant spatial pattern of catchment connectivity. Geomorphology 68: 257-268.





Conly, F.M., Van der Kamp, G., 2001. Monitoring the hydrology of Canadian prairie wetlands to detect the effects of climate change and land use changes. Environmental Monitoring and Assessment 67: 195–215.





Fang, X. and  Pomeroy,  J. W. (2008). Drought impacts on Canadian prairie wetland snow hydrology. Hydrological Processes 22: 2858-2873.





Gray, D. M., Landine, P. G. and Granger, R. J. (1984). Simulating infiltration into frozen Prairie soils in streamflow models.  Canadian Journal of Earth Sciences 22: 464-472.





Hayashi, M. and Van der Kamp, G. (2000). Simple equations to represent the volume-area-depth relations of shallow wetlands in small topographic depressions. Journal of Hydrology 237: 74-85.





Hayashi, M., Van der Kamp, G. and Schmidt, R. (2003). Focused infiltration of snowmelt water in partially frozen soil under small depressions. Journal of Hydrology 270: 214-229.





Montgomery, D. R., 1994. Road surface drainage, channel initiation, and slope instability. Water Resources Research 30(6): 1925-1932. 





Shaw, D. A., Van der Kamp, G., Conly, M., Pietroniro, A., and Lawrence, M. (2012). The fill-spill hydrology of prairie wetland complexes during drought and deluge. Hydrological Processes 26: 3147-3156.





Spence, C. (2007). On the relation between dynamic storage and runoff: A discussion on the thresholds, efficiency and function. Water Resources Research 43: 1-11





Spence, C. and Woo, M. K. (2003). Hydrology of subarctic Canadian Shield: soil-filled valleys. Journal of Hydrology 279: 151-166





Stichling, W. and Blackwell, S. R. (1957). Drainage area as a hydrologic factor on the Canadian prairies. IUGG Proceedings, Toronto, Ontario.





Thompson, C. J., Takken, I., Hairsine, P. B., and Croke, J. (2008). Hydrological and sedimentological connectivity of forest roads. In Schmiddt, J., Cochrane, T., Philips, C., Ellioyt, S., Davies, T. and Basher, L. (eds). Sediment Dynamics in Changing Environments. IAHS Publication, 325, 524-531.





Van der Kamp, G., Hayashi, M. and Gallen, D. (2003). Comparing the hydrology of grassed and cultivated catchments in the semi-arid Canadian prairies. Hydrological Processes 17: 559-575.





Van der Kamp, G., Keir, D. and Evans, M. S. (2008). Long-term water level changes in closed-basin lakes of the Canadian prairies. Canadian Water Resources Journal 33(1): 23-38.





Wemple, B.C., Jones, J.A., and Grant, G.E., 1996. Channel network extension by logging roads in two basins, Western Cascades, Oregon. Water Resources Bulletin 32(6): 1195-1207. 





Wemple, B.C., Swanson, F. J., and Jones, J. A., 2001. Forest roads and geomorphic process interactions, Cascade Range, Oregon. Earth Surface Processes and Landforms 26: 191-204. 





Wigmosta, M. S. and Perkins, W. A., 2001. Simulating the effects of forest roads on watershed hydrology. In: land use and watersheds: human influence on hydrology and geomorphology in urban and forest areas. Edited by M. S. Wigmosta and S. J. Burges. Water Science and Application 2. American Geophysical Union, Washington, DC. p. 127-144. 





Woo, M.-K. and Rowsell, R. D. (1993). Hydrology of a prairie slough. Journal of Hydrology 146: 175-207.





Yang, W., X. Wang, Y. Liu, S. Gabor, L. Boychuk and P. Badiou (2010). Simulated environmental effects of wetland restoration scenarios in a typical Canadian prairie watershed. Wetlands Ecology and Management, 18(3): 269-279.
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Cc: emily.bernhardt@duke.edu; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 5(a) and 5(b) for the SAB Connectivity


 Panel"s report
Date: Monday, February 24, 2014 8:13:39 PM


Hi Tom and iris;


I have about 5 free minutes between now and Thursday, and am unlikely to be able to turn it
 around by then.  Can we shoot for Friday?


Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Mon, Feb 24, 2014 at 3:34 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Hi Lucinda and Emily,


 


Iris and I have incorporated some suggested editorial changes into your responses to charge
 questions 5(a) and 5(b) for the SAB Connectivity Panel’s report.  We must use a consistent format
 for all of the charge question responses and the attached revised text is in the format used for
 SAB reports.  We have listed the recommendations as bullets at the end of each section in order
 to let the reader clearly see the SAB recommendations.  Please review the attached draft of the
 charge question 5(a) and 5(b)  responses and send me any changes needed by Thursday, February


 27th , or send me a response indicating that you agree with the edits.


 


I have attached both a clean file and a redline-strikeout file showing the changes we have made. If
 additional changes are needed please insert them into the clean copy using track changes.


 


We will incorporate all of the charge question responses into a complete draft of the Panel’s
 report and send it to the entire Panel for review prior to our scheduled conference calls.


 


(b) (6)
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mailto:Armitage.Thomas@epa.gov
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Thanks very much,


 


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From: Mike Josselyn
To: Armitage, Thomas
Cc: Amanda D. Rodewald
Subject: EPA Panel: Review Process for Draft Report
Date: Friday, February 14, 2014 12:48:06 PM


Tom:
 
I am writing to request clarification on the review process for the Draft Review.     I understand that
 you have scheduled Panel calls in April; however, my question is whether the draft, once finalized,
 will be subject to submittals of comments, edits, and/or suggested revisions to the chapter leads or
 to you and Dr. Rodewald for full consideration by the Panel prior to those calls.    Appreciate any
 clarification that you can provide as our first call will be receiving comments from the public;
 however, the draft may not have incorporated the review by the Panel as a whole prior to receiving
 those public comments.
 
MICHAEL JOSSELYN, PhD, PWS  |  Principal   |   o: 415.454.8868 x125   |   josselyn@wra-ca.com


WRA, Inc.  |   www.wra-ca.com   |   2169-G East Francisco Blvd., San Rafael, CA 94901   |   c:
 415.519.3843  
 
North Coast: 249 N. Main Street, Suite F, Fort Bragg, CA  95437
South Coast:  9815 Carroll Canyon Road, Suite 206 San Diego,CA 92131  858.842.1800
Denver: 999 18th Street, Suite 3000, Denver, Colorado 80202  720.946.4855


 
The information contained in this email and any attachments are strictly confidential and are for the use of the intended recipient.
 Any use, dissemination, distribution, or reproduction of any part of this email or any attachment is prohibited. If you are not the
 intended recipient, please notify the sender by return email and delete all copies including attachments
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From: Siobhan Fennessy
To: Mazeika Sullivan
Cc: Armitage, Thomas; Goodman, Iris
Subject: Re: Please review suggested edits in the response to charge questions 4(a) and 4(b) for the SAB Connectivity 


Panel"s report(no subject)
Date: Wednesday, February 26, 2014 12:52:12 PM


Hi Tom, 


I've done the same and agree, feel free to send them on to the panel!


Best,


Siobhan 


On Feb 26, 2014, at 12:48 PM, Mazeika Sullivan wrote:


Hi Tom - 


I've read through the changes and they look fine to send to the entire Panel.


Thanks!
Mazeika


---------------------------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan


On Sun, Feb 23, 2014 at 10:23 PM, Armitage, Thomas 
<Armitage.Thomas@epa.gov> wrote:


 


Hi Siobhan and Mazeika,


 



mailto:fennessym@kenyon.edu

mailto:sullivan.191@osu.edu

mailto:Armitage.Thomas@epa.gov

mailto:Goodman.Iris@epa.gov

mailto:sullivan.191@osu.edu

http://go.osu.edu/mazeikasullivan

mailto:Armitage.Thomas@epa.gov





I have incorporated some suggested editorial changes into your responses to charge 
questions 4(a) and 4(b) for the SAB Connectivity Panel’s report.  We must use a 
consistent format for all of the charge question responses and the attached revised 
text is in the format used for SAB reports.  I have listed the recommendations as 
bullets at the end of each section in order to let the reader to clearly see the SAB 
recommendations.  Please review the attached draft of the charge question 4(a) and 


4(b)  responses and send me any changes needed by Thursday, February 27th , or 
send me a response indicating that you agree with the edits.
 
I have attached both a clean file and a redline-strikeout file showing the changes I 
have made.
 
We will incorporate all of the charge question responses into a complete draft of the 
Panel’s report and send it to the entire Panel for review prior to our scheduled 
conference calls.
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. 
Washington, D.C. 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan 
Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
 


Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu



tel:202-564-2155

tel:202-565-2098
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Harvey attachment included Re: Fwd: Revised section 3A of Connectivity report
Date: Tuesday, February 04, 2014 11:35:00 AM
Attachments: SAB Panel Response to Charge Question Revised 21 Jan2014 ERM w JWH additions.docx


Response to 3(a)from Emma Rosi-Marshall


-----Original Message-----
From: Emma Rosi-Marshall [mailto:rosimarshalle@caryinstitute.org]
Sent: Saturday, January 25, 2014 11:13 PM
To: Jen Tank; Armitage, Thomas
Subject: Fwd: Harvey attachment included Re: Fwd: Revised section 3A of Connectivity report


Dear Jen,
My access  a has been limited over the last couple of days and I wanted to send this to you asap.  I
 know we are coming up on our deadline of Jan 31.  My group has provided me feedback on the draft of our
 section.  Jud sent me this a couple of days ago and my group members have not added more references but the text
 is on track.
 Maybe you can have a look and see if it matches what your group sent.
 If you send me your groups text, I can look at the next time I can get internet in the next couple of days.  I am very
 sorry that I am in Kenya during this important revision time for our sections.


I hope that you are well,
Emma


--
Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall


(b) (6)



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM
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Question 3(a) 





The panel recommends that the report be expanded to include further discussion of the following:





· Hydrologic exchange flows between main channels and off channel areas  


· Naturally occurring chemical constituents other than nutrients (N, P) and contaminants


· Multiple factors that influence stream temperature 


· Biological connectivity 


· Temporal dynamics of connections 


· Human-modified headwater streams 


· Headwater streams in aggregate/cumulative 


· Nutrient and contaminant transformations  


· Streamside vegetation (i.e., riparian zones or areas) 


· Food web dynamics


· Strength/degree of connectivity





The SAB panel members were universally impressed with Chapter 4 and its excellent review of the literature that describes the connectivity of headwater streams to downstream waters. The panel agreed that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology.  





The Panel agreed that the review was based on pertinent literature and the text was strongly grounded in current scientific understanding.  The following recommendations represent ways to improve the document. We have numbered these comments for ease of discussion, but they are not numbered in order of importance. In addition to these general comments, detailed comments and referral to relevant literature are included in the preliminary comments from the panel. 





      1. Improve the review of hydrologic exchange flows between main channels and off channel areas.  Include discussion of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins, in pools, and in recirculating eddies.  Include a more complete discussion of the processes involved and give more attention to spatial and temporal variability. 


a. Include a broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals with effects on downstream water quality.  Expand the discussion beyond just nitrate removal by including phosphorus as well as examples of fate and transport of contaminants such as toxic metals and organic contaminants (see 2 below).  


b. Extend the discussion to communicate how surface-subsurface water interactions affect stream temperature, and habitat for fish and other organisms, including when surface water contracts but subsurface flow is present (see 3 below).  


For a broader discussion of hyporheic processes see for example:


Buffington, J. M., and D. Tonina (2009), Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass, 3, doi:10.1111/j.1749-8198.2009.00225.x.


Karwan, D. L. and J. E. Saiers (2012). Hyporheic exchange and streambed filtration of suspended particles. Water Resour. Res., 48, W01519, doi: 10.1029/2011WR011173.


Poole, G. C., J. A. Stanford, S. W. Running, and C. A. Frissell (2006), Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity, J. N. Am. Benthol. Soc., 25 (2), 288–303.


Sawyer, A.H., Cardenas, M.B., Buttles, J. (2011) Hyporheic exchange due to channel-spanning logs. Water Res. Resour., 47, W08502. 


Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M., and Packman, A.I. (2010), A multiscale model for integrating hyporheic exchange from ripples to meanders, Water Resour. Res., 46, W12539, doi:10.1029/2009WR008865.


2. Discussion of naturally occurring chemical constituents other than nutrients (N, P) and contaminants and consideration of nutrient and contaminant transformation could be expanded. 


a. The report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. 


b. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems was covered in the report, but more attention to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants would strengthen the report. In addition, some additional attention to sediment bound contaminants and their downstream movement and effects on downstream waters should be discussed further. 





See for example:


Baker, M. A., H. M. Valett, and C. N. Dahm (2000), Organic carbon supply and metabolism in a near-stream groundwater ecosystem, Ecology, 81, 3133-3148.





Bourg, A. C. M., and C. Bertin (1993), Biogeochemical processes during the infiltration of river water into an alluvial aquifer, Env. Sci. Technol., 27(4), 661-666.





Conant Jr., B., J. A. Cherry, and R. W. Gillham (2004), A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. J. Contam. Hydrol. 73(1-4), 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Doyle, M. W., E. H. Stanley, and J. M. Harbor (2003), Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research, 39(6), 1147.





Ensign, S. H., M. F. Piehler, M. W. Doyle (2008), Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91, 133-150.





Fuller, C.C., and Harvey, J.W. (2000), Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology, 34, 6 1150-1155.





Harvey, J.W., and C.C. Fuller (1998), Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance, Water Resources Research, 34(4):623-636.





Harvey, J. W., J. K. Böhlke, M. A. Voytek, D. Scott, and C. R. Tobias (2013), Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance, Water Resour. Res., 49, 6298-6316, doi:10.1002/wrcr.20492.





Hedin, L.O., von Fischer, J.C., Ostrom, N.E. Kennedy, B.P. Brown, M.G., Robertson, G.P.  (1998) Thermodynamic constraints on nitrogen transformations and other biogeochemical  processes at soil-stream interfaces. Ecology, 79(2), 684-703.





Kim, B. K. A., A. P. Jackman, and F. J. Triska (1992), Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream, Water Resour. Res., 28 (10), 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. (1995), In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies, Environmental Science and Technology, 14 29(1), 108-116, doi:10.1021/es00001a014.





Kimball, B. A., R. E. Broshears, K. E. Bencala, and D. M. McKnight (1994). Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage.  Environmental Science & Technology 28(12): 2065-2073.





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





Malcolm, A., Soulsby, C., Youngson, A.F., Hannah, D.M. (2005), Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Res. Applic., 21, 977–989.





O’Connor, B.L., and Harvey, J.W. (2008), Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research, 44, W12423, doi:10.1029/2008WR007160.








3. A more thorough treatment of factors that influence stream temperature is needed. There is inadequate treatment of the role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow.  Also, a more explicit treatment of the effects of hyporheic flow and storage and the resulting lag and attenuation effects that buffer temperature extremes is needed.  The latter discussion of subsurface effects should include a comparison to direct groundwater discharge in terms of its effects on stream temperature dynamics.  In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature is currently inadequate.  Finally, we suggest an expanded discussion of how environmental alterations in channels and upslope areas influence temperature dynamics. The panel recommends that the report directly address the influence of temperature on connectivity. 





See for example:


Arrigoni, A. S., G. C. Poole, L. A. K. Mertes, S. J. O'Daniel, W. W. Woessner, and S. A.  Thomas (2008), Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels, Water Resour. Res., 44, W09418, doi:10.1029/2007WR006480.





Hester, E.T., Doyle, M.W., Poole, G.C. (2009) The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography, 54(1), 355-4 367.





Sawyer, A. H., M. Bayani Cardenas, and J. Buttles (2012), Hyporheic temperature dynamics and heat exchange near channel-spanning logs, Water Resour. Res., 48, W01529, doi:10.1029/2011WR011200.








4. The temporal dynamics of connections were addressed in the report, but could be expanded. The panel agreed that a separate section that better addresses temporal dynamics (magnitude, frequency, duration, timing) would be a welcome addition to this Chapter. For example, the panel agreed that connections that occur only during a short time of year are not necessarily unimportant. The report describes how even though headwater streams are periodically dry, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, the ecological consequences of these connections could be expanded.  In the current draft, there is not a short, comprehensive, paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (connecting perennial, intermittent, and ephemeral channels with variable source areas) and its effects on material and sediment transport and effects on downstream water quality. In addition, connectivity can be highly episodic, but this does not reduce is importance to downstream ecosystems inherently. 





There is also a need for more discussion and literature review on the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems.  The panel recommended that the report adopt a more encompassing recognition of the important role of variable hydraulic residence times in river networks and their effects on storage and transformation of organic matter and nutrients in downstream waters. In addition, the role of humans in altering the temporal dimensions of connectivity (e.g. via water withdrawl or augmentation) should be considered in the report.  Overall, the panel suggested tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





See for example:





Boano, F., R. Revelli, and L. Ridolfi (2013), Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics, Water Resour. Res., 49, 4089–4099, doi:10.1002/wrcr.20322.





Constantz, J. (2008), Heat as a tracer to determine streambed water exchanges, Water Resour. Res., 44, W00D10, doi:10.1029/2008WR006996. 





Harvey, J. W., J. D. Drummond, R. L. Martin, L. E. McPhillips, A. I. Packman, D. J. Jerolmack, S. H. Stonedahl, A. Aubeneau, A. H. Sawyer, L. G. Larsen, and C. Tobias, 2012, Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed.  Journal of Geophysical Research – Biogeosciences, Volume 117, G00N11, doi:10.1029/2012JG002043.





O'Connor, B. L., J. W. Harvey, and L. E. McPhillips (2012), Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resour. Res., 48, W08504, doi:10.1029/2011WR011488. 








5. Improve the review of biological connectivity to demonstrate that movements of biota in downstream waters to use critical habitats in upstream and lateral habitats have strong effects on biological integrity. A more thorough treatment of biological connectivity would strengthen this chapter of the report.  Key points include:


a. Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without them), and many species move among these habitats during their life cycles.


b. Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row.  Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


c. These mobile species range across many different taxa, even within fish, and include many more than those focused in the report, which are mainly salmon and other anadromous fish.  Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


d. When these upstream, lateral, and disconnected habitats are degraded or destroyed, data from comparative studies and experiments show that these animal populations decline or are extirpated entirely, showing that connectivity to these habitats is a key to the biological integrity of downstream waters.


e. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





6. Human-modified headwater stream literature should be covered more extensively in the report. A number of panel members raised the issue of the lack of literature on human-modified headwater streams. The inclusion of this literature would provide information about how altering these systems have consequences for the water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity, which show the importance of headwaters to downstream areas in various landscapes. For example, the following alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, riparian tree removal, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations may reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human altered or even human created streams may have significant ecological functions and as a consequences can have effects on downstream waters. In addition, a discussion of the role of stream restoration and its effects on downstream waters would strengthen the report. 





See for example: 





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





O’Connor, B.L., Hondzo, M., and Harvey, J.W. (2010), Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.








7. Highlight the role of headwater streams in aggregate (i.e., cumulative) effects on downstream ecosystems in this chapter as well. The panel recommends adding a section that explicitly deals with this topic.  There is a large literature on cumulative watershed effects of land use based on both modeling and empirical studies. Furthermore, the watershed modeling section could be improved. For example, the work based on SPARROW modeling was covered in the report, but results from other modeling approaches were not. 





See for example:


Alexander, R. B., J. K. Böhlke, E. W. Boyer, M. B. David, J. W. Harvey, P. J. Mulholland, S. P. Seitzinger, C. R. Tobias, C. Tonitto, and W. M. Wollheim (2009), Dynamic modeling of  nitrogen losses in river networks unravels the coupled effects of hydrological and  biogeochemical processes, Biogeochemistry, 93, 91-116.





Böhlke, J. K., R. C. Antweiler, J. W. Harvey, A. E. Laursen, L. K. Smith, R. L. Smith, and M. A. 3 Voytek (2009), Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA,  Biogeochemistry, 93, 117-141, doi:10.1007/s10533-008-9282-8.





Helton, A. M., Poole, G. C., Meyer, J. L., Wollheim, W. M., Peterson, B. J., Mulholland P. J.,  Bernhardt, E. S., Stanford, J. A., Arango, C., Ashkenas, L. R., Cooper, L. W., Dodds, W. K.,  Gregory, S. V., Hall, R. O., Hamilton, S. K., Johnson, S. L., McDowell, W. H., Potter, J. D.,  Tank, J. L., Thomas, S. M., Valett, H. M., Webster, J. R., and Zeglin, L. (2011). Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Front. Ecol.  Environ., 9 (4), 229-238, doi:10.1890/080211.








8. The effects of streamside vegetation (i.e., riparian zones or areas) on stream ecosystems should be expanded in this report. Many of these effects are not necessarily associated with riparian wetland function (e.g., effects of leaf letter inputs on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, stream temperature, etc.). These effects occur along the entire longitudinal profile, but are especially intense in headwater streams. 





9. The panel suggests that the addition of a section that treats thoroughly the food-web connections from riparian zones to streams that support aquatic organisms would strengthen the report.  Although the report focuses on strictly aquatic connections, organisms that define the biological integrity of downstream waters are embedded in food webs, and these food webs transcend aquatic-terrestrial boundaries.  Key points include:


a. Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


b. Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


c. As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


d. Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





10. The panel recommends that text be added to the report that clarifies the selection of the case studies presented.  In addition, a case study that focuses on human dominated systems might be a logical place to add information about the role of human dominated systems for downstream waters. For example, the Rio Grande case study on arid rivers  could be expanded as it provides excellent examples of human-modified systems.





11.  The panel suggested that there be additional attention to the strength/degree of connectivity.  This could be addressed in this chapter about headwater streams, but could also be addressed throughout the report.  The panel agreed that a focused discussion of the relative strength/degree of connectivity for intermittent, ephemeral, and variable source areas needs further discussion.  A way that this might be approached is through the discussion of the frequency, duration, and magnitude of surface and subsurface connections.  Importantly, it is known that subsurface connections often persist after surface connections disappear.  This subsurface flow may provide an important connection from an ephemeral stream to downstream waters.  In addition, as discussed above in point #4 even short duration surface water connections in source water areas and ephemeral streams may have substantial effects on the chemistry and biology of downstream waters. 





The panel recommends that the degree/strength of connections should be highlighted or discussed in each major subsection of this chapter of the report (e.g. temperature, chemical, biological, etc.).  








See for example: 





[bookmark: _GoBack]Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey, 2012, Directional Connectivity in Hydrology and Ecology, Ecological Applications, doi: 10.1890/11-1948.1.
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From: Mike Josselyn
To: Armitage, Thomas
Subject: Re: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft responses to charge


 questions 5(a) and 5 (b)
Date: Wednesday, January 29, 2014 12:26:42 PM


Tom.  A bit of a problem due to a flight delay.  I may not be able to join the call at 10 but not
 sure yet when I'll be leaving or in the ground again.   Mike


Sent from my iPhone


On Jan 28, 2014, at 7:51 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Charge question 5 subgroup members,
 
This is a reminder that there will be a subgroup conference call tomorrow, Wednesday,


 January 29th , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses
 to charge questions 5(a) and 5(b).  Call in number: 1-866-299-3188, conference code
 2023439995#.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Tuesday, January 21, 2014 12:11 PM
To: Genevieve Ali; Mike Josselyn; ljohnson@d.umn.edu; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; Amanda D. Rodewald
Subject: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Dear Charge Question 5(a)/5(b) subgroup members,
 
I have scheduled a subgroup teleconference on Wednesday, January 29th from
 1:00 - 2:00 p.m. (Eastern Time) to discuss the draft responses to charge
 questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in,
 please enter the following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 



mailto:josselyn@wra-ca.com

mailto:Armitage.Thomas@epa.gov

mailto:Armitage.Thomas@epa.gov

mailto:armitage.thomas@epa.gov

mailto:ljohnson@d.umn.edu

mailto:rpb2@psu.edu

mailto:emily.bernhardt@duke.edu

mailto:mgooseff@engr.colostate.edu

mailto:hassy@cox.net





Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov


<Lentic_systems_5A_and_5B_merged_1_17_14LBJ.DOCX>



mailto:armitage.thomas@epa.gov






From: Mike Josselyn
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu
Cc: Armitage, Thomas
Subject: Re: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft responses to charge


 questions 5(a) and 5 (b)
Date: Wednesday, January 29, 2014 12:50:43 PM


 I will try to join for a portion of the call while sitting in plane. 


My apologies though I have seen lots of 
"Unidirectional wetlands" from the air over the arid west.  


Sent from my iPhone


On Jan 28, 2014, at 7:51 AM, "Armitage, Thomas" <Armitage.Thomas@epa.gov> wrote:


Charge question 5 subgroup members,
 
This is a reminder that there will be a subgroup conference call tomorrow, Wednesday,


 January 29th , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses
 to charge questions 5(a) and 5(b).  Call in number: 1-866-299-3188, conference code
 2023439995#.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Tuesday, January 21, 2014 12:11 PM
To: Genevieve Ali; Mike Josselyn; ljohnson@d.umn.edu; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; Amanda D. Rodewald
Subject: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Dear Charge Question 5(a)/5(b) subgroup members,
 
I have scheduled a subgroup teleconference on Wednesday, January 29th from
 1:00 - 2:00 p.m. (Eastern Time) to discuss the draft responses to charge
 questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in,
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 please enter the following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 
Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Harvey attachment included Re: Fwd: Revised section 3A of Connectivity report
Date: Tuesday, February 04, 2014 11:35:00 AM
Attachments: SAB Panel Response to Charge Question Revised 21 Jan2014 ERM w JWH additions.docx


Response to 3(a)from Emma Rosi-Marshall


-----Original Message-----
From: Emma Rosi-Marshall [mailto:rosimarshalle@caryinstitute.org]
Sent: Saturday, January 25, 2014 11:13 PM
To: Jen Tank; Armitage, Thomas
Subject: Fwd: Harvey attachment included Re: Fwd: Revised section 3A of Connectivity report


Dear Jen,
My access to email has been limited over the last couple of days and I wanted to send this to you asap.  I
 know we are coming up on our deadline of Jan 31.  My group has provided me feedback on the draft of our
 section.  Jud sent me this a couple of days ago and my group members have not added more references but the text
 is on track.
 Maybe you can have a look and see if it matches what your group sent.
 If you send me your groups text, I can look at the next time I can get internet in the next couple of days.  I am very
 sorry that I am in Kenya during this important revision time for our sections.


I hope that you are well,
Emma


--
Emma J. Rosi-Marshall
Associate Scientist
Cary Institute of Ecosystem Studies
2801 Sharon Turnpike AB
Millbrook, NY 12545
845-677-7600 ext 232


http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:Goodman.Iris@epa.gov

mailto:rosimarshalle@caryinstitute.org

http://www.caryinstitute.org/science-program/our-scientists/dr-emma-j-rosi-marshall



Question 3(a) 





The panel recommends that the report be expanded to include further discussion of the following:





· Hydrologic exchange flows between main channels and off channel areas  


· Naturally occurring chemical constituents other than nutrients (N, P) and contaminants


· Multiple factors that influence stream temperature 


· Biological connectivity 


· Temporal dynamics of connections 


· Human-modified headwater streams 


· Headwater streams in aggregate/cumulative 


· Nutrient and contaminant transformations  


· Streamside vegetation (i.e., riparian zones or areas) 


· Food web dynamics


· Strength/degree of connectivity





The SAB panel members were universally impressed with Chapter 4 and its excellent review of the literature that describes the connectivity of headwater streams to downstream waters. The panel agreed that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology.  





The Panel agreed that the review was based on pertinent literature and the text was strongly grounded in current scientific understanding.  The following recommendations represent ways to improve the document. We have numbered these comments for ease of discussion, but they are not numbered in order of importance. In addition to these general comments, detailed comments and referral to relevant literature are included in the preliminary comments from the panel. 





      1. Improve the review of hydrologic exchange flows between main channels and off channel areas.  Include discussion of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins, in pools, and in recirculating eddies.  Include a more complete discussion of the processes involved and give more attention to spatial and temporal variability. 


a. Include a broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals with effects on downstream water quality.  Expand the discussion beyond just nitrate removal by including phosphorus as well as examples of fate and transport of contaminants such as toxic metals and organic contaminants (see 2 below).  


b. Extend the discussion to communicate how surface-subsurface water interactions affect stream temperature, and habitat for fish and other organisms, including when surface water contracts but subsurface flow is present (see 3 below).  


For a broader discussion of hyporheic processes see for example:


Buffington, J. M., and D. Tonina (2009), Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass, 3, doi:10.1111/j.1749-8198.2009.00225.x.


Karwan, D. L. and J. E. Saiers (2012). Hyporheic exchange and streambed filtration of suspended particles. Water Resour. Res., 48, W01519, doi: 10.1029/2011WR011173.


Poole, G. C., J. A. Stanford, S. W. Running, and C. A. Frissell (2006), Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity, J. N. Am. Benthol. Soc., 25 (2), 288–303.


Sawyer, A.H., Cardenas, M.B., Buttles, J. (2011) Hyporheic exchange due to channel-spanning logs. Water Res. Resour., 47, W08502. 


Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M., and Packman, A.I. (2010), A multiscale model for integrating hyporheic exchange from ripples to meanders, Water Resour. Res., 46, W12539, doi:10.1029/2009WR008865.


2. Discussion of naturally occurring chemical constituents other than nutrients (N, P) and contaminants and consideration of nutrient and contaminant transformation could be expanded. 


a. The report needs a more thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses. 


b. The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems was covered in the report, but more attention to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants would strengthen the report. In addition, some additional attention to sediment bound contaminants and their downstream movement and effects on downstream waters should be discussed further. 





See for example:


Baker, M. A., H. M. Valett, and C. N. Dahm (2000), Organic carbon supply and metabolism in a near-stream groundwater ecosystem, Ecology, 81, 3133-3148.





Bourg, A. C. M., and C. Bertin (1993), Biogeochemical processes during the infiltration of river water into an alluvial aquifer, Env. Sci. Technol., 27(4), 661-666.





Conant Jr., B., J. A. Cherry, and R. W. Gillham (2004), A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. J. Contam. Hydrol. 73(1-4), 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Doyle, M. W., E. H. Stanley, and J. M. Harbor (2003), Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research, 39(6), 1147.





Ensign, S. H., M. F. Piehler, M. W. Doyle (2008), Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91, 133-150.





Fuller, C.C., and Harvey, J.W. (2000), Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology, 34, 6 1150-1155.





Harvey, J.W., and C.C. Fuller (1998), Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance, Water Resources Research, 34(4):623-636.





Harvey, J. W., J. K. Böhlke, M. A. Voytek, D. Scott, and C. R. Tobias (2013), Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance, Water Resour. Res., 49, 6298-6316, doi:10.1002/wrcr.20492.





Hedin, L.O., von Fischer, J.C., Ostrom, N.E. Kennedy, B.P. Brown, M.G., Robertson, G.P.  (1998) Thermodynamic constraints on nitrogen transformations and other biogeochemical  processes at soil-stream interfaces. Ecology, 79(2), 684-703.





Kim, B. K. A., A. P. Jackman, and F. J. Triska (1992), Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream, Water Resour. Res., 28 (10), 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. (1995), In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies, Environmental Science and Technology, 14 29(1), 108-116, doi:10.1021/es00001a014.





Kimball, B. A., R. E. Broshears, K. E. Bencala, and D. M. McKnight (1994). Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage.  Environmental Science & Technology 28(12): 2065-2073.





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





Malcolm, A., Soulsby, C., Youngson, A.F., Hannah, D.M. (2005), Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Res. Applic., 21, 977–989.





O’Connor, B.L., and Harvey, J.W. (2008), Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research, 44, W12423, doi:10.1029/2008WR007160.








3. A more thorough treatment of factors that influence stream temperature is needed. There is inadequate treatment of the role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow.  Also, a more explicit treatment of the effects of hyporheic flow and storage and the resulting lag and attenuation effects that buffer temperature extremes is needed.  The latter discussion of subsurface effects should include a comparison to direct groundwater discharge in terms of its effects on stream temperature dynamics.  In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature is currently inadequate.  Finally, we suggest an expanded discussion of how environmental alterations in channels and upslope areas influence temperature dynamics. The panel recommends that the report directly address the influence of temperature on connectivity. 





See for example:


Arrigoni, A. S., G. C. Poole, L. A. K. Mertes, S. J. O'Daniel, W. W. Woessner, and S. A.  Thomas (2008), Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels, Water Resour. Res., 44, W09418, doi:10.1029/2007WR006480.





Hester, E.T., Doyle, M.W., Poole, G.C. (2009) The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography, 54(1), 355-4 367.





Sawyer, A. H., M. Bayani Cardenas, and J. Buttles (2012), Hyporheic temperature dynamics and heat exchange near channel-spanning logs, Water Resour. Res., 48, W01529, doi:10.1029/2011WR011200.








4. The temporal dynamics of connections were addressed in the report, but could be expanded. The panel agreed that a separate section that better addresses temporal dynamics (magnitude, frequency, duration, timing) would be a welcome addition to this Chapter. For example, the panel agreed that connections that occur only during a short time of year are not necessarily unimportant. The report describes how even though headwater streams are periodically dry, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, the ecological consequences of these connections could be expanded.  In the current draft, there is not a short, comprehensive, paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (connecting perennial, intermittent, and ephemeral channels with variable source areas) and its effects on material and sediment transport and effects on downstream water quality. In addition, connectivity can be highly episodic, but this does not reduce is importance to downstream ecosystems inherently. 





There is also a need for more discussion and literature review on the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems.  The panel recommended that the report adopt a more encompassing recognition of the important role of variable hydraulic residence times in river networks and their effects on storage and transformation of organic matter and nutrients in downstream waters. In addition, the role of humans in altering the temporal dimensions of connectivity (e.g. via water withdrawl or augmentation) should be considered in the report.  Overall, the panel suggested tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





See for example:





Boano, F., R. Revelli, and L. Ridolfi (2013), Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics, Water Resour. Res., 49, 4089–4099, doi:10.1002/wrcr.20322.





Constantz, J. (2008), Heat as a tracer to determine streambed water exchanges, Water Resour. Res., 44, W00D10, doi:10.1029/2008WR006996. 





Harvey, J. W., J. D. Drummond, R. L. Martin, L. E. McPhillips, A. I. Packman, D. J. Jerolmack, S. H. Stonedahl, A. Aubeneau, A. H. Sawyer, L. G. Larsen, and C. Tobias, 2012, Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed.  Journal of Geophysical Research – Biogeosciences, Volume 117, G00N11, doi:10.1029/2012JG002043.





O'Connor, B. L., J. W. Harvey, and L. E. McPhillips (2012), Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resour. Res., 48, W08504, doi:10.1029/2011WR011488. 








5. Improve the review of biological connectivity to demonstrate that movements of biota in downstream waters to use critical habitats in upstream and lateral habitats have strong effects on biological integrity. A more thorough treatment of biological connectivity would strengthen this chapter of the report.  Key points include:


a. Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without them), and many species move among these habitats during their life cycles.


b. Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row.  Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


c. These mobile species range across many different taxa, even within fish, and include many more than those focused in the report, which are mainly salmon and other anadromous fish.  Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


d. When these upstream, lateral, and disconnected habitats are degraded or destroyed, data from comparative studies and experiments show that these animal populations decline or are extirpated entirely, showing that connectivity to these habitats is a key to the biological integrity of downstream waters.


e. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





6. Human-modified headwater stream literature should be covered more extensively in the report. A number of panel members raised the issue of the lack of literature on human-modified headwater streams. The inclusion of this literature would provide information about how altering these systems have consequences for the water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity, which show the importance of headwaters to downstream areas in various landscapes. For example, the following alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, riparian tree removal, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations may reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections. In addition, human altered or even human created streams may have significant ecological functions and as a consequences can have effects on downstream waters. In addition, a discussion of the role of stream restoration and its effects on downstream waters would strengthen the report. 





See for example: 





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





O’Connor, B.L., Hondzo, M., and Harvey, J.W. (2010), Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.








7. Highlight the role of headwater streams in aggregate (i.e., cumulative) effects on downstream ecosystems in this chapter as well. The panel recommends adding a section that explicitly deals with this topic.  There is a large literature on cumulative watershed effects of land use based on both modeling and empirical studies. Furthermore, the watershed modeling section could be improved. For example, the work based on SPARROW modeling was covered in the report, but results from other modeling approaches were not. 





See for example:


Alexander, R. B., J. K. Böhlke, E. W. Boyer, M. B. David, J. W. Harvey, P. J. Mulholland, S. P. Seitzinger, C. R. Tobias, C. Tonitto, and W. M. Wollheim (2009), Dynamic modeling of  nitrogen losses in river networks unravels the coupled effects of hydrological and  biogeochemical processes, Biogeochemistry, 93, 91-116.





Böhlke, J. K., R. C. Antweiler, J. W. Harvey, A. E. Laursen, L. K. Smith, R. L. Smith, and M. A. 3 Voytek (2009), Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA,  Biogeochemistry, 93, 117-141, doi:10.1007/s10533-008-9282-8.





Helton, A. M., Poole, G. C., Meyer, J. L., Wollheim, W. M., Peterson, B. J., Mulholland P. J.,  Bernhardt, E. S., Stanford, J. A., Arango, C., Ashkenas, L. R., Cooper, L. W., Dodds, W. K.,  Gregory, S. V., Hall, R. O., Hamilton, S. K., Johnson, S. L., McDowell, W. H., Potter, J. D.,  Tank, J. L., Thomas, S. M., Valett, H. M., Webster, J. R., and Zeglin, L. (2011). Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Front. Ecol.  Environ., 9 (4), 229-238, doi:10.1890/080211.








8. The effects of streamside vegetation (i.e., riparian zones or areas) on stream ecosystems should be expanded in this report. Many of these effects are not necessarily associated with riparian wetland function (e.g., effects of leaf letter inputs on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, stream temperature, etc.). These effects occur along the entire longitudinal profile, but are especially intense in headwater streams. 





9. The panel suggests that the addition of a section that treats thoroughly the food-web connections from riparian zones to streams that support aquatic organisms would strengthen the report.  Although the report focuses on strictly aquatic connections, organisms that define the biological integrity of downstream waters are embedded in food webs, and these food webs transcend aquatic-terrestrial boundaries.  Key points include:


a. Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


b. Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


c. As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


d. Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





10. The panel recommends that text be added to the report that clarifies the selection of the case studies presented.  In addition, a case study that focuses on human dominated systems might be a logical place to add information about the role of human dominated systems for downstream waters. For example, the Rio Grande case study on arid rivers  could be expanded as it provides excellent examples of human-modified systems.





11.  The panel suggested that there be additional attention to the strength/degree of connectivity.  This could be addressed in this chapter about headwater streams, but could also be addressed throughout the report.  The panel agreed that a focused discussion of the relative strength/degree of connectivity for intermittent, ephemeral, and variable source areas needs further discussion.  A way that this might be approached is through the discussion of the frequency, duration, and magnitude of surface and subsurface connections.  Importantly, it is known that subsurface connections often persist after surface connections disappear.  This subsurface flow may provide an important connection from an ephemeral stream to downstream waters.  In addition, as discussed above in point #4 even short duration surface water connections in source water areas and ephemeral streams may have substantial effects on the chemistry and biology of downstream waters. 





The panel recommends that the degree/strength of connections should be highlighted or discussed in each major subsection of this chapter of the report (e.g. temperature, chemical, biological, etc.).  








See for example: 





[bookmark: _GoBack]Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey, 2012, Directional Connectivity in Hydrology and Ecology, Ecological Applications, doi: 10.1890/11-1948.1.
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From:  on behalf of Lucinda Johnson
To: Mike Josselyn
Cc: Emily Bernhardt; Armitage, Thomas
Subject: Re: Response to 5B
Date: Friday, January 31, 2014 10:02:23 AM


I will send out a revised version of the text with the results of our discussion and reformatted
 to be consistent across the groups.  


I should be able to get that out later this morning.


Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Fri, Jan 31, 2014 at 8:42 AM, Mike Josselyn <josselyn@wra-ca.com> wrote:


Emily:


 


I thought that I would reach out to you to see if you would like any assistance in recasting our
 Working Groups conclusions and recommendations into a text similar to that used for our
 response to 5A.   My concern is that it is a bit difficult to read as it is currently written and needs
 to be put into a text format.   In some cases, our recommendations for 5B are repetitive to those
 in 5A and in other cases, I am not sure they are explained well.


 


I can work on this next week, if you would like any assistance.  


 


Mike Josselyn
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From: Armitage, Thomas
To: Valett, Maury
Cc: Goodman, Iris
Subject: FW: Reminder - Please send me dates and times of availability for SAB Connectivity Panel teleconferences
Date: Monday, February 03, 2014 5:25:00 PM


Dear Maury,
 
I would like to schedule two teleconferences to discuss the SAB Connectivity Panel’s draft report. 
 Please send me a reply indicating your availability for a four-hour Panel teleconference on days and
 times listed in the email below. Thanks very much.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Friday, January 24, 2014 2:30 PM
Cc: Goodman, Iris
Subject: Please send me dates and times of availability for SAB Connectivity Panel teleconferences
 
Dear SAB Connectivity Panel Members,
 
We would like to schedule two four-hour teleconferences to discuss the SAB Connectivity Panel’s
 draft report.  We will incorporate the charge question responses provided by the lead writers into a
 draft report and send it to you for review prior to the calls.
 


Please send me a reply by Friday, January 31st indicating whether you could be available for a
 teleconference during the times listed on the following days.
 
Monday, April 7
1:00 – 5:00 pm (Eastern Time)
Tuesday, April 8
11:00 am – 3:00 pm (Eastern Time)
Friday, April 11
1:00 – 5:00 pm (Eastern Time)
 
Monday, April 14
1:00 – 5:00 pm (Eastern Time)
Tuesday, April 15
1:00 – 5:00 pm (Eastern Time)
Wednesday, April 16
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1:00 – 5:00 pm (Eastern Time)
Thursday, April 17
1:00 – 5:00 pm (Eastern Time)
Friday, April 18
1:00 – 5:00 pm (Eastern Time)
 
Monday, April 21
1:00 – 5:00 pm (Eastern Time)
Tuesday, April 22
11:00 am – 3:00 pm (Eastern Time)
Friday, April 25
1:00 – 5:00 pm (Eastern Time)
 
Monday, April 28
1:00 – 5:00 pm (Eastern Time)
Tuesday, April 29
11:00 am – 3:00 pm (Eastern Time)
Wednesday, April 30
1:00 – 5:00 pm (Eastern Time)
Friday, May 2
1:00 – 5:00 pm (Eastern Time)
 
Thanks very much,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft responses to charge


 questions 5(a) and 5 (b)
Date: Tuesday, February 18, 2014 6:09:00 PM
Attachments: Additional references on road connectivity and pothole hydrological dynamics - 29 Jan 2014.docx


 
 


From: Genevieve Ali [mailto:Genevieve.Ali@umanitoba.ca] 
Sent: Wednesday, January 29, 2014 2:36 PM
To: Armitage, Thomas
Cc: ljohnson@d.umn.edu
Subject: RE: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft
 responses to charge questions 5(a) and 5 (b)
 
Hi Lucinda and Tom,
I have a list of references attached. Many thanks for organizing the call and pulling things together,
G.
 
--


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP): wsrp@cc.umanitoba.ca
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Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence


Suggestions of additional references – Genevieve Ali
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This is a reminder that there will be a subgroup conference call tomorrow, Wednesday, January 29th


 , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses to charge questions 5(a)
 and 5(b).  Call in number: 1-866-299-3188, conference code 2023439995#.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter the
 following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 
Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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the file.
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Charge Question 4a 


Fennessy, Aldous, Reddy, Valett





Charge Question 4(a): Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





We support the Report’s conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters.  The comments below provide suggestions on the additional emphasis and discussion needed in the report to address the significance of bidirectional connectivity.  








Structure of the Report 


Section 5.3 on Riparian and Floodplain Wetlands covers a wealth of topics that could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. Specifically we recommend: 





· Reorganizing the chapter to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the role of headwater, streamside areas on in-stream structure and function.  We recommend this material be moved from Section 5.3 to Chapter 4.  For example, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and riparian areas are discussed.  Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as their ability to act as nutrient sinks and transformers, to Chapter 5.  Placing all of the literature review on riparian areas in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





· As it stands now, Section 5.3 is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics.  As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· The authors might consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style.  





 


Terminology


The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question.  We recommend that bidirectional wetlands be called ‘waters and wetlands in riparian/floodplain settings’ (as suggested by the Charge Question 1 group) acknowledges the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the report. As it stands now, the report is inconsistent, for example, in some sections of Chapter 5 they are referred to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”.  The definitions provided in the glossary for Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland should align with the ways the terms are used in the text.  





However, it is vital that the ecological role of floodplains, whether or not they are defined as wetlands or other water bodies, is acknowledged in the report. The authors do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not the area studied is a wetland, they took a broad approach to the literature to ensure that studies relevant to riparian and floodplain wetlands were included.  Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed for a much more representative cross section of the literature to be used. The report should consider the functional role of floodplains and riparian areas regardless of their status as Cowardin wetlands; just as wetlands discussed in this report need not meet the Federal regulatory definition of wetland to be included (p. 43), the discussion of floodplains and riparian areas should not be limited to those areas that meet the Cowardin definition of wetlands.  A statement that the text refers to ‘riparian areas, floodplains and waters and wetlands in riparian/floodplain settings’ will clarify that we are referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989).  However, we also recommend that the authors make clear that this is a functional linkage, and not an expansion of the definition of waters and wetlands covered by the Clean Water Act.  Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document.  








Issues of Spatial and Temporal Connectivity


Section 5.3 should include a new section that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, via the ‘flood pulse’.  The authors recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of the chapter. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989).  We recommend this section emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems via the ‘flood pulse’.  The ‘flood pulse concept’ should be employed as the conceptual backbone of the section, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).  The report recognizes this fact (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how ‘riparian/floodplain wetlands’ operate.  The report does recognize the extension of the concept provided by Tockner et al. (2000) to include ‘flow pulses’, but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems via storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes.  The term ‘flood pulse’ is used only 9 times in the body of the entire document.  Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





The report should also increase emphasis on the temporal aspects of floodplain systems as guided by the short duration high intensity ‘flood pulse concept’ for surface waters and long duration low intensity lateral discharge for groundwater.  Addressing the temporal progression of the flood pulse should describe its influence on residence time of surface water, seasonal exchanges with groundwater, emphasize the chemical and biological linkages, and ecosystem process.  For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats.  At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of ‘riparian/floodplain’ environments into the context of the ‘river corridor’ requires developing a perspective of linkage and expansion.  The authors need to be very clear in articulating the bidirectional nature of fluxes and connections back to the river channel, with a focus on the fluxes of water, materials and biota, emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  As such, the section needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters.  Our recommendations include: 


· Use flood-forecasting methods as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers.  Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing (for example) of N and P.  The results are measures of vertical and lateral connectivity. Analyses of this kind requires that recurrence intervals be explicitly defined, for example, making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), which establishes variability in the timescales of connectivity. This would also allow that much needed attention be paid to magnitude-frequency relationships.  


· Consider incorporating examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks.  This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation.  We also recommend addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain.   


· Stress the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions.  


· Add literature to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity.  Section 5.3 needs more emphasis on these biological exchanges. For example, the review panel provided many references regarding the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer.  These habitats are particularly important for fish larvae.  Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001, 2005; Bestgen et al. 2007).  The report would also be strengthened with more emphasis on species that are economically important and/or listed by federal and state agencies. 


· It would be instructive, and more representative of the U.S. as a whole, to broaden the range of examples used in the report. For instance, incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.  








Export versus Exchange 


Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota.  Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede.  As mentioned above, the text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. We recommend strengthening the focus on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Biogeochemical linkages


Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling.  Abiotic components of wetlands (e.g. soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time.  These issues are important to acknowledge in the report.  We recommend the authors provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments.  The sections on N processing (denitrification), P cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed.  The review on N processes in Section 5.3.2.2 is of particular concern, due to its very heavy reliance on a single paper by Vidon et al. (2010; cited fully 20 times in this section) on the fate and fluxes of N in riparian areas.  There is an extensive literature on this subject, and while the report correctly characterizes N transformations in a general sense, there are many key references that are not included.  This section should be updated to provide a more recent and diverse assessment of biogeochemical implications of ‘hot-spots and hot-moments’ in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003; see also extensive work by Groffman). We also recommend that literature findings are reported more quantitatively, and not by simple qualitative statements that N levels (in this example) increased or decreased (by what percent did concentrations change, for example; this recommendation holds for the report as a whole).  Depending on the hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulates biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate/alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. Many inorganic elements required by for key biological processes (e.g., plant growth and decomposition) are bioavailable and will respond to these increases. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can result in an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.








Case Study on Bottomland Hardwoods


The report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining US wetlands.


A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 














Human Impacts to Floodplains/Aggregate Effects 


We suggest the report address how human impacts to waters and wetlands in riparian/floodplain settings alter connectivity, for example channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments, provide some of the clearest demonstrations of their functional role on downstream waters (for example, through degraded water quality).  A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiverisity, and materials flux.  The water quality benefits of riparian areas and floodplains should also be highlighted by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.  
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Benke, A.C., I. Chaubey, G.M. Ward,  and L. Dunn. 2000. FLood pulse dynamics of an unregulated river floodplain in the southeastern U.S. coastal plain. Ecology 81:2730–2741.
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Charge Question #4b


Mazeika Sullivan, David Allan, Lee Benda





#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.








General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. This might prove to be the best opportunity to highlight how hydrologists estimate the degree of connectivity, using flood frequency-floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.





3. Further quantification:


The key conclusions could be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on the Panel’s recommendations for Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





9. Aggregate/cumulative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.
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Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


For conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  
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Subject: Reminder - Subgroup teleconference on Wednesday, January 29th to discuss the draft
 responses to charge questions 5(a) and 5 (b)
 
Charge question 5 subgroup members,
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Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence


Suggestions of additional references – Genevieve Ali
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This is a reminder that there will be a subgroup conference call tomorrow, Wednesday, January 29th


 , from 1:00 – 2:00 p.m. (Eastern Time) to discuss the attached responses to charge questions 5(a)
 and 5(b).  Call in number: 1-866-299-3188, conference code 2023439995#.
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 


From: Armitage, Thomas 
Sent: Tuesday, January 21, 2014 12:11 PM
To: Genevieve Ali; Mike Josselyn; ljohnson@d.umn.edu; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net
Cc: Goodman, Iris; Amanda D. Rodewald
Subject: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
 
Dear Charge Question 5(a)/5(b) subgroup members,
 
I have scheduled a subgroup teleconference on Wednesday, January 29th from 1:00 - 2:00
 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and 5(b).
 
The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter the
 following conference code at the prompt: 2023439995# .
 
I look forward to talking with you on the call.
 
Tom Armitage
************************************************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Response to question 3(b)
Date: Tuesday, February 04, 2014 11:36:00 AM
Attachments: EPA SAB Charge Question 3b 31Jan14.docx


Jennifer Tank’s response to 3(b).
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, January 31, 2014 12:14 PM
To: Armitage, Thomas; Emma Rosi-Marshall
Cc: adr79@cornell.edu; Goodman, Iris; Stanford, Jack; Wohl,Ellen (Ellen.Wohl@colostate.edu)
Subject: Response to question 3(b)
 
Dear Tom (with cc to Amanda, Iris)
Please find attached our draft Response to Question 3b.
We look forward to feedback from the larger group.
All best-
Jennifer (on behalf of Jack and Ellen)



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:Goodman.Iris@epa.gov



Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. For example, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. Additionally, it should also be emphasized that dynamic groundwater-surface water connections maintain the ecological integrity of ephemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  Finally, the conclusions could also be strengthened by clarifying when ephemeral headwaters provide critical habitat and insure corridors to move among habitats. 





3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. Some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. For example, flow in arid streams in urban environments can be dominated by waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM). Thus, real-world management scenarios contrast greatly with the situations described in the case study for arid streams. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


[bookmark: _GoBack]Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35-36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  
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From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas
Cc: Goodman, Iris; fennessym@kenyon.edu; adr79@cornell.edu
Subject: Re: Response to question 4(b)
Date: Friday, January 31, 2014 1:22:25 PM
Attachments: EAP_SAB_Recommendations for 4b_FINAL_01.31.14.docx


Hi Tom -


Please see attached .doc.


Best,
Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax: 614-292-7432


http://go.osu.edu/mazeikasullivan


On Fri, Jan 31, 2014 at 1:09 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Mazeika,


Thank you for sending the response to question 4(b). Could you please resend it as a Word file?
 We need to incorporate your subgroup’s response into the draft of the Panel’s report and may
 need to make some edits to make sure the Panel’s report is written in a consistent format and
 style. Thanks.


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)
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Charge Question #4b


Mazeika Sullivan, David Allan, Lee Benda





#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 4(a) above. Please comment on whether the conclusions and findings in section 1.4.2 are supported by the available science. Please suggest alternative wording for any conclusions and findings that are not fully supported.








General Comments: 





SAB Panel members are in general agreement that there is strong scientific support that riparian and floodplain water bodies and wetlands are highly connected to receiving waters through multiple pathways, including hydrological, chemical, and biological connectivity (but note that we recommend below that additional literature be included to bolster these findings, particularly as related to chemical connectivity). However, the key findings and conclusions to this chapter need to be directly related to the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient frequency to be classified as wetlands. Although we recommend presenting a broad discussion of floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative to the implications for connectivity and should be highlighted and carried through the text and conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be wetlands in the report may risk criticism because it appears to either expand the definition of a river or downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies. 





We offer the following additional recommendations (not in order of importance): 





1. Inconsistent terminology: 


We suggest that the language referring to riparian and floodplain wetlands remain consistent both within the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”) We recommend that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The terminology used in the key findings and conclusions must align with the Glossary definitions and the Conceptual Framework.





2. Temporal component: 


We suggest that the key findings and conclusions recognize the temporal dimension of waters and wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the transient nature of floodplains should be key points. This temporal perspective, combined with an emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. This might prove to be the best opportunity to highlight how hydrologists estimate the degree of connectivity, using flood frequency-floodplain inundation science throughout the entire report. Additionally, we suggest highlighting “channel migration zones”, which further address the lateral connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and the next year following a large flood, the active channel may have migrated 100 meters to the opposite size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, including wetlands, are temporally variable and transient, and connectivity could include what has been referred to as the “channel migration zone”. Some states have regulations about how to define and protect (regulate development) channel migration zones that are non-floodplain portions of the valley floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a.





3. Further quantification:


The key conclusions could be more empirically and/or more specifically described. Where there is demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of connectivity).





4. Chemical linkages:


We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and transforming chemical constituents be expanded under Key Finding d. This may require additional literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as sediment storage, should be easily documented. There is ample literature on the water purification function of wetlands, and this is the rationale for constructed wetlands.





5. Biological linkages including food webs: 


We recommend further highlighting the role of biological connectivity between waters and wetlands in riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are intimately linked through biological connections (including integrated wetland-river food webs) across a range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in riparian/floodplain settings for species that are economically important as well as those species that are state and/or federally listed as endangered, but this would have to be first developed in the body of the report. 





6. Export vs. exchange:


We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that bidirectional biological, chemical, and hydrological transfers characterize the connections between the two systems. 





7. Case studies:  


Many panel members found the case studies to be useful. Building on the Panel’s recommendations for Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall conclusions. 





8. Human impacts: 


In some cases, it may be that human alteration of connectivity most clearly demonstrates how the function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the conclusions could be improved by explicitly mentioning how human activities (impairment as well as restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving systems. Mention should be made of alterations that both increase connectivity, such as ditches, and decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished connectivity both in individual river segments and in aggregate (many floodplains along long stretch of rivers, if not entire rivers, may be affected by diking). 





9. Aggregate/cumulative effects:


We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in the aggregate should be underscored in the key findings and conclusions. For example, these sections could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds of individual channel reaches) yields a very positive ecological and service effect in flood attenuation.
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Detailed Comments and Alternative Wording Suggestions:





For 1.4.2


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of river food webs” or other language that underscores food-web connectivity.


1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using “waters and wetlands in riparian/floodplain settings”.


1-9 line 21, bullet a. Delete “some”.


1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”.


1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence.


1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”.


1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”.


1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  Suggest revisiting p 5-7 lines 24-35 for a more relevant example.


1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes biological connectivity. This might require a different lead sentence or an additional bullet on functional components/processes.


1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain settings to birds, and how birds can spatially integrate the watershed landscape. 


For conclusions elsewhere:


Throughout. Use “waters and wetlands in riparian/floodplain settings”.


5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 1.4.2.  At least try to get some of these points into the opening of 1.4.2.


Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, further changes may be needed.


6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are a sink. It might be preferable to refer to sediment exchange influencing channel dynamics.


6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web linkages. Role and importance of birds should also be mentioned.  
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armitage.thomas@epa.gov


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington,
 D.C. 20460


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building,
 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C. 20004


From:  [mailto:  On Behalf Of Mazeika Sullivan
Sent: Friday, January 31, 2014 12:56 PM
To: Armitage, Thomas; Goodman, Iris
Cc: Amanda D. Rodewald; Allan, J; Lee Benda
Subject:


Hi Tom and Iris -


Please find attached our written response to Charge Question #4b.


Best regards,


Mazeika


-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax: 614-292-7432


http://go.osu.edu/mazeikasullivan
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From: Siobhan Fennessy
To: Armitage, Thomas
Cc: Goodman, Iris; adr79@cornell.edu; Mazeika Sullivan; Siobhan Fennessy
Subject: Re: Response to question 4(b)
Date: Friday, January 31, 2014 4:58:24 PM
Attachments: Charge Question 4a Subgroup Reportv5.docx


ATT00001.htm


Hi Tom,


Please find attached the review from Subgroup 4a. Let me know if you have any trouble with 
the file.


Best,
Siobhan
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Charge Question 4a 


Fennessy, Aldous, Reddy, Valett





Charge Question 4(a): Section 5.3 of the Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters subject to non-tidal, bidirectional hydrologic flows with rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.





We support the Report’s conclusion that floodplains, riparian areas, and waters and wetlands in riparian/floodplain settings support the hydrological, chemical, and biological integrity of downstream waters.  The comments below provide suggestions on the additional emphasis and discussion needed in the report to address the significance of bidirectional connectivity.  








Structure of the Report 


Section 5.3 on Riparian and Floodplain Wetlands covers a wealth of topics that could be strengthened by reorganizing the information presented, incorporating key literature that is now missing, and by technical editing of both the text and glossary. Specifically we recommend: 





· Reorganizing the chapter to clarify the functional role of floodplains and riparian areas on the ecological integrity of streams and rivers. Much of the text in Section 5.3 is focused on riparian areas and the role of headwater, streamside areas on in-stream structure and function.  We recommend this material be moved from Section 5.3 to Chapter 4.  For example, the material in Sections 5.3.1 and 5.3.2, which focus on the physical and chemical influence of riparian areas on streams, is more appropriately located in Chapter 4, where the physical, chemical and biological connections of streams and riparian areas are discussed.  Chapter 4 already includes discussions of the role of riparian forests on factors such as regulating water temperature and the inputs of large woody debris, but leaves the discussion of other functions, such as their ability to act as nutrient sinks and transformers, to Chapter 5.  Placing all of the literature review on riparian areas in one location (Chapter 4) will help organize and clarify the text for the reader. This will leave the emphasis of Section 5.3 on the lateral dimensions of river systems where higher order structure and function is emphasized over lower order riparian interactions. 





· As it stands now, Section 5.3 is 16 pages in length, with only about 6 pages that focus specifically on floodplain dynamics.  As described below, this section should be strengthened considerably to more fully reflect the literature on the physical, chemical and biological linkages between floodplains and receiving waters (i.e., lateral exchange between floodplains and rivers followed by downstream transport). 





· The authors might consider reorganizing the information on the different taxonomic groups (plants and phytoplankton, vertebrates, invertebrates) that are described in Sections 5.3.3.1-5.3.3.3 to integrate the functional attributes of floodplains as habitats, rather than addressing each group one after the other, textbook style.  





 


Terminology


The terms ‘unidirectional’ and ‘bidirectional’ wetlands should be revised to reflect the landscape position of the water body and/or wetland in question.  We recommend that bidirectional wetlands be called ‘waters and wetlands in riparian/floodplain settings’ (as suggested by the Charge Question 1 group) acknowledges the two-way flux of water and materials between floodplains and riparian areas and adjacent rivers and streams. Consistent use of this term will clarify what specifically is being referred to in the report. As it stands now, the report is inconsistent, for example, in some sections of Chapter 5 they are referred to “riparian/floodplain wetlands” while other sections mention “riparian areas” or “floodplains”.  The definitions provided in the glossary for Riparian Area, Riparian Wetland, Floodplain, Floodwater and Floodplain Wetland should align with the ways the terms are used in the text.  





However, it is vital that the ecological role of floodplains, whether or not they are defined as wetlands or other water bodies, is acknowledged in the report. The authors do this to some extent, explaining that, because much of the literature on floodplains and riparian areas does not specify whether or not the area studied is a wetland, they took a broad approach to the literature to ensure that studies relevant to riparian and floodplain wetlands were included.  Given the inconsistency of the peer-reviewed literature in identifying whether study sites are jurisdictional wetlands, this approach allowed for a much more representative cross section of the literature to be used. The report should consider the functional role of floodplains and riparian areas regardless of their status as Cowardin wetlands; just as wetlands discussed in this report need not meet the Federal regulatory definition of wetland to be included (p. 43), the discussion of floodplains and riparian areas should not be limited to those areas that meet the Cowardin definition of wetlands.  A statement that the text refers to ‘riparian areas, floodplains and waters and wetlands in riparian/floodplain settings’ will clarify that we are referring to the landscape setting in its entirety, with its characteristic four-dimensions of connectivity (Ward 1989).  However, we also recommend that the authors make clear that this is a functional linkage, and not an expansion of the definition of waters and wetlands covered by the Clean Water Act.  Making this distinction will clarify the scope of the report and reinforce the goal of the report as a scientific, and not a policy, document.  








Issues of Spatial and Temporal Connectivity


Section 5.3 should include a new section that explicitly discusses how floodplain environments (including the terrestrial components thereof) are intimately linked to river systems, both spatially and temporally, via the ‘flood pulse’.  The authors recognize the importance of spatial and temporal scales of connectivity between rivers streams and floodplains in the abstract, saying:





Connections between riparian/floodplain wetlands and other water bodies and streams or rivers can be permanent, can occur frequently (e.g., if the wetland is located within the mean high-water mark), or can occur infrequently (e.g., if the wetland occurs near the edge of the floodplain). Even riparian/floodplain wetlands that rarely flood can have important, long-lasting effects on streams and rivers. (p. 5-1, lines 12-16)





However, this thinking is not explicitly discussed in the body of the chapter. This is an important omission because gradients in spatial and temporal connectivity between the stream and floodplain are primary determinants of physical and biological processes occurring within both the stream and the floodplain (Junk et al. 1989).  We recommend this section emphasize that floodplain environments (including the terrestrial components thereof) are intimately linked to river systems via the ‘flood pulse’.  The ‘flood pulse concept’ should be employed as the conceptual backbone of the section, stressing higher order structure and function (as noted above, this is in comparison to lower–order, headwater stream systems where the riparian area is an interface with the terrestrial environment).  The report recognizes this fact (p. 5–6, line 5; page 6–4, lines 1-2), but does not develop its hydrologic character in either spatial or temporal dimensions, nor is it developed as part of the conceptualization of how ‘riparian/floodplain wetlands’ operate.  The report does recognize the extension of the concept provided by Tockner et al. (2000) to include ‘flow pulses’, but again, does little to emphasize how floodplains (and the wetlands within them) are differentially connected to river systems via storm–related changes in flow, seasonal variation in water abundance and river discharge, and longer–term changes related to climate shifts and precipitation regimes.  The term ‘flood pulse’ is used only 9 times in the body of the entire document.  Most of this relates to attenuation of flooding in main channel (p. 5–6, lines 5, 29; Table 5–3, page 5–38), or the influence of the flood pulse on biological entities (e.g., page 5–20, lines 16, 22, 29).





The report should also increase emphasis on the temporal aspects of floodplain systems as guided by the short duration high intensity ‘flood pulse concept’ for surface waters and long duration low intensity lateral discharge for groundwater.  Addressing the temporal progression of the flood pulse should describe its influence on residence time of surface water, seasonal exchanges with groundwater, emphasize the chemical and biological linkages, and ecosystem process.  For example, the effects of a high-intensity flood event of low frequency and duration on downstream waters will be mostly physical, including water storage, peak flow attenuation, and sediment and wood transport and/or deposition. This is a low-frequency, high-intensity flood that occurs on a decadal or centennial return interval. The spatial scale of this type of flood event tends to be extensive, dictated largely by topography, and covering all available habitats.  At the other end of the spectrum, the effects of high-frequency low-intensity forms of connectivity (such as hyporheic groundwater flow) may be more biological or biogeochemical, including nutrient and contaminant transformation and organic matter accumulation. The spatial scale of this type of connectivity depends on whether groundwater discharge in the floodplain is discrete (e.g., a spring) or diffuse, and whether it travels through the floodplain as channelized flow or in the hyporheic zone.





One very practical reason for including an explicit discussion of the scales of connectivity is that some floodplains that are inundated at a low frequency may not exhibit wetland soils, vegetation, or hydrology required to meet the federal regulatory or the Cowardin definition of wetland. However, even this occasional connectivity to rivers and streams plays an important role in river hydrology and water quality. Where streams are disconnected from their floodplains, low-frequency, high-intensity floods can have major negative impacts on downstream ecosystems and human communities. 


 


Placing the wetlands of ‘riparian/floodplain’ environments into the context of the ‘river corridor’ requires developing a perspective of linkage and expansion.  The authors need to be very clear in articulating the bidirectional nature of fluxes and connections back to the river channel, with a focus on the fluxes of water, materials and biota, emphasizing how exchange flows respond to the temporal progression of the flood pulse and move back to the channel.  As such, the section needs to stress the effects of floodplains not only on river flows, but also on chemistry, sediments, and biota of downstream waters.  Our recommendations include: 


· Use flood-forecasting methods as a means to quantify the strength of connectivity (spatial and temporal) between floodplains and rivers.  Hydrological methods in flood frequency – floodplain inundation provide estimates of water residence time (or hydroperiod) on floodplains, with implications for fluxes of biota and biogeochemical processing (for example) of N and P.  The results are measures of vertical and lateral connectivity. Analyses of this kind requires that recurrence intervals be explicitly defined, for example, making estimates over a reasonable range of overbank flows (2 years out of 3, to 10-yr and 100-yr events), which establishes variability in the timescales of connectivity. This would also allow that much needed attention be paid to magnitude-frequency relationships.  


· Consider incorporating examples of floodplain classification systems to address their geomorphological and functional diversity, and place emphasis on the continuum of floodplains along stream networks.  This would lead to a better understanding of factors that shape the degree of connectivity between floodplains and receiving waters by describing floodplain/channel geomorphology and the duration of flooding or saturation.  We also recommend addressing channel migration zones, which describe the movement of channels within floodplains over time as a result of large floods, and demonstrate the variable nature of connectivity (in space and time) of floodplains and the waters/wetlands that they contain.   


· Stress the hydrological connections and processes of sediment movement, erosion and deposition that operate not just with receiving downstream waters, but also through lateral, vertical and temporal dimensions.  


· Add literature to demonstrate that lateral connections create a diversity of lotic, semi-lotic and lentic habitats, supporting a wide array of species (fish, amphibians, birds, mammals) and high levels of diversity.  Section 5.3 needs more emphasis on these biological exchanges. For example, the review panel provided many references regarding the role of wetlands and off-channel waters on floodplains as fish nurseries that act to populate downstream fisheries. These include studies describing fish species that spawn and rear in backwaters and floodplain wetlands, which flood in the winter and early spring wet season, then dry down in the summer.  These habitats are particularly important for fish larvae.  Similarly, some endangered fishes have been shown to use backwaters extensively for spawning and rearing (e.g., Modde et al. 2001, 2005; Bestgen et al. 2007).  The report would also be strengthened with more emphasis on species that are economically important and/or listed by federal and state agencies. 


· It would be instructive, and more representative of the U.S. as a whole, to broaden the range of examples used in the report. For instance, incorporate studies on peatlands in floodplain settings that have bidirectional flows, as in northern tier states and Alaska.  








Export versus Exchange 


Floodplains and waters and wetlands in floodplain settings are shaped by repeated inundation, saturation, erosion and deposition of sediment, and movement of biota.  Water and materials flow laterally between floodplains and rivers (i.e., receiving waters), moving onto the floodplain in periods of high flows and back to the channel as floods recede.  As mentioned above, the text as written does not articulate well the bidirectional nature of fluxes/connections between the floodplain and channel. We recommend strengthening the focus on the fluxes of water, materials and biota to emphasize how exchange flows respond to the temporal progression of the flood pulse. 








Biogeochemical linkages


Wetlands and floodplains serve as sinks, sources and transformers of nutrients and other chemical contaminants, and have a significant impact on downstream water quality and ecosystem productivity. The primary driver of wetland processes is ecosystem biogeochemistry, which involves the exchange or flux of materials between living and non-living components. These fluxes involve interaction of complex processes regulated by physical, chemical and biological processes in various components of the wetland ecosystem. Biota (plants, microbes, fauna) can be considered as exchange pools, which are small in size and undergo rapid turnover and cycling.  Abiotic components of wetlands (e.g. soil), which are large in size, undergo slow turnover and provide long-term storage similar to a reservoir. The amount of a given constituent in these pools depends on its residence time.  These issues are important to acknowledge in the report.  We recommend the authors provide a more recent and diverse assessment of the biogeochemical implications of exchange flows. This can be accomplished by enhancing the literature on the role of wetlands and floodplains as sources, sinks, and transformers of materials including: nutrients, metals, organic contaminants, and sediments.  The sections on N processing (denitrification), P cycling, and sediments (including legacy sediments and associated chemicals) could be strengthened with an expansion of the literature reviewed.  The review on N processes in Section 5.3.2.2 is of particular concern, due to its very heavy reliance on a single paper by Vidon et al. (2010; cited fully 20 times in this section) on the fate and fluxes of N in riparian areas.  There is an extensive literature on this subject, and while the report correctly characterizes N transformations in a general sense, there are many key references that are not included.  This section should be updated to provide a more recent and diverse assessment of biogeochemical implications of ‘hot-spots and hot-moments’ in N fluxes that are associated with hydrologic exchanges between surface and subsurface waters (McClain et al. 2003; see also extensive work by Groffman). We also recommend that literature findings are reported more quantitatively, and not by simple qualitative statements that N levels (in this example) increased or decreased (by what percent did concentrations change, for example; this recommendation holds for the report as a whole).  Depending on the hydrologic connectivity, riparian/floodplain soils exhibit a range of redox conditions, which then regulates biogeochemical cycling of key nutrients, metals, and organic compounds. 





Changing climatic conditions may stimulate/alter rates, fluxes and storage pools of key elements (carbon, nitrogen phosphorus, and sulfur) involved in biogeochemical processes and services provided by wetlands. For example, accelerated decomposition of organic matter can potentially increase nutrient generation, which may lead to increased nutrient/contaminant loading to adjacent water bodies. Important inorganic elements in wetlands are mobile and thus their concentrations may increase upon flooding and drainage cycles, water withdrawals, sea level rise, and increases in temperature. Many inorganic elements required by for key biological processes (e.g., plant growth and decomposition) are bioavailable and will respond to these increases. Drainage also increases enzyme and microbial activities, which facilitates oxidation of organic matter, leading to subsidence and loss of organic soils. Many studies have shown that oxidation of organic matter in wetlands is dependent on water-table depth, temperature, nutrient loading, vegetation communities and release of nutrients. Bidirectional exchange of particulate organic matter (POM) and dissolved organic matter (DOM) in riparian areas and floodplains can result in an important source of POM and DOM to streams and rivers. Further treatment of the residence time of water should also be considered. Water residence time is a critical concept that can have significant biological impacts, which can be particularly relevant to downstream waters. Powers et al. (2012) point out that aquatic ecosystem components that have relatively high nutrient processing rates may not contribute substantially to total ecosystem retention unless enabled by hydrological connections.








Case Study on Bottomland Hardwoods


The report would benefit from more discussion of forested wetlands, including bottomland hardwoods, given their ecological importance, rate of loss, and unique attributes. These wetlands represent a significant portion of remaining US wetlands.


A box case study could address this gap, and include the role of bottomland forests on river biogeochemistry and flood storage. 














Human Impacts to Floodplains/Aggregate Effects 


We suggest the report address how human impacts to waters and wetlands in riparian/floodplain settings alter connectivity, for example channel incision or levee construction that breaks the link between riparian wetlands/floodplains with downstream waters. Alterations that decrease the connectivity of floodplains and waters and wetlands in riparian/floodplain environments, provide some of the clearest demonstrations of their functional role on downstream waters (for example, through degraded water quality).  A key approach to this analysis is to provide examples of the aggregate effects of floodplain impacts on downstream waters in terms of flooding, biodiverisity, and materials flux.  The water quality benefits of riparian areas and floodplains should also be highlighted by explicitly pointing out that their destruction exacerbates nutrient runoff from agricultural lands by reducing or eliminating nutrient uptake, dentrification, and sedimentation of adsorbed phosphorus.  
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On Jan 31, 2014, at 1:21 PM, Mazeika Sullivan wrote:

Hi Tom -

Please see attached .doc. 


Best,
Mazeika


-----------------------------------------------------

Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 

Email: sullivan.191@osu.edu 

Phone: 614-292-7314 
Fax:   614-292-7432
http://go.osu.edu/mazeikasullivan






On Fri, Jan 31, 2014 at 1:09 PM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:








Mazeika,


 


Thank you for sending the response to question 4(b).  Could you please resend it as a Word file?   We need to incorporate your subgroup’s response into the
 draft of the Panel’s report and may need to make some edits to make sure the Panel’s report is written in a consistent format and style.  Thanks.


 


Tom Armitage


**********************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office


202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov


 


Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C. 20460


 


Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004


 



From: mazeika3@gmail.com [mailto:mazeika3@gmail.com]
On Behalf Of Mazeika Sullivan

Sent: Friday, January 31, 2014 12:56 PM

To: Armitage, Thomas; Goodman, Iris

Cc: Amanda D. Rodewald; Allan, J; Lee Benda

Subject: 




 



Hi Tom and Iris - 



 





Please find attached our written response to Charge Question #4b. 





 





Best regards,





Mazeika






-----------------------------------------------------

Mazeika S.P. Sullivan, PhD

Assistant Professor of Aquatic-Riparian Ecology

School of Environment and Natural Resources 

The Ohio State University 

2021 Coffey Road 

Columbus, OH 43210 



Email: sullivan.191@osu.edu


Phone: 614-292-7314 

Fax:   614-292-7432



 



http://go.osu.edu/mazeikasullivan
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Siobhan Fennessy
Jordan Professor of Biology and Environmental Studies
Biology Department 
Kenyon College 
Gambier, Ohio 43022


Phone: 740.427.5455
Fax: 740.427.5741
email: fennessym@kenyon.edu
























From: Armitage, Thomas
To: Goodman, Iris
Subject: FW: Response to question 3(b)
Date: Tuesday, February 04, 2014 11:36:00 AM
Attachments: EPA SAB Charge Question 3b 31Jan14.docx


Jennifer Tank’s response to 3(b).
 


From: Jennifer Tank [mailto:tank.1@nd.edu] 
Sent: Friday, January 31, 2014 12:14 PM
To: Armitage, Thomas; Emma Rosi-Marshall
Cc: adr79@cornell.edu; Goodman, Iris; Stanford, Jack; Wohl,Ellen (Ellen.Wohl@colostate.edu)
Subject: Response to question 3(b)
 
Dear Tom (with cc to Amanda, Iris)
Please find attached our draft Response to Question 3b.
We look forward to feedback from the larger group.
All best-
Jennifer (on behalf of Jack and Ellen)



mailto:/O=EXCHANGELABS/OU=EXCHANGE ADMINISTRATIVE GROUP (FYDIBOHF23SPDLT)/CN=RECIPIENTS/CN=06E0B9190F534CF0B6E34DA284081A14-ARMITAGE, TOM

mailto:Goodman.Iris@epa.gov



Charge Question 3(b). Comments on whether EPA’s findings and conclusions concerning the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams are supported by the available science.





General Comments: In general, the majority of the SAB had few changes to offer regarding the conclusions concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. This consensus suggests that the document outlined strong scientific support for the conclusions as written and there were many positive comments including support for the current emphasis on the importance of cumulative downstream impacts. 





The SAB emphasized that the conclusions to this chapter should relate back to the conceptual foundation of 4 dimensional connectivity (3D space plus time) while placing conclusions in the catchment context. In addition, conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text covered in the “Synthesis and Implications” section that included the main conclusions, did not include bulleted text (p 4-35) which might be a helpful addition, although we recognize that key functions were summarized in Table 4.1 highlighting how streams act as sources, sinks, refuges, transformations, and lags. It was noted that connectivity itself should be added as a function to Table 4.1, perhaps using biological connections as example. Multiple SAB members supported this approach, but some noted that the highlighted functions and linkages should be reiterated succinctly and consistently across the Chapter 4 Streams Synthesis section (p4-35), Section 1.4.2 Key Findings (p1-7), and Section 6.1 Conclusions, and they are not at present, and points should be kept short, with no additional reference to cited studies.  





Q3(b): We summarize the following comments and identify areas to strengthen the conclusions: 





1. Connectivity, Boundaries and Linkages:


Statements on the unequivocal demonstration of connectivity of streams should be stated in quantitative terms, example: “of X studies, X% support conclusion of connectivity”. 





We suggest including statements on the boundary of the upland/headwater transition, providing context of what is considered a stream, as well as increased emphasis on groundwater-surface water interactions, flooding or episodic events, riparian zones and how these linkages influence biota and food webs and vice versa. For example, in Section 4.6 Synthesis, insert “above and below ground” after “connectivity” in first sentence. It is also important to reiterate in the conclusions how these exchanges influence physical, chemical, and biological connectivity with downstream systems. 





Finally, linkages that occur during flooding are not well-represented in conclusions, and text could also be added on how connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 


2. Ephemeral Streams:


The conclusions state that evidence supports a sufficient link between ephemeral streams with downstream systems, but conclusions could be strengthened by adding text about spatial and temporal variation in the linkage of ephemeral streams with downstream waters including frequency of the connection and where further research needed. For example, the important role of variable source areas (e.g., swales) and connectivity needs to be reiterated in conclusions based on content in current text. Additionally, it should also be emphasized that dynamic groundwater-surface water connections maintain the ecological integrity of ephemeral streams and structurally and functionally connect them with downstream waters, whether or not water is not maintained in the upstream channel throughout the year.  Finally, the conclusions could also be strengthened by clarifying when ephemeral headwaters provide critical habitat and insure corridors to move among habitats. 





3. Chemical connectivity and nutrients:


The current summary of chemical functions could be strengthened to include details on how headwater streams influence sediment-bound nutrients, DOM, and other contaminants; statements are now mainly about N, with detailed examples mainly about nitrate. 





We also note that the chapter is currently focused on numerous studies demonstrating that headwaters are hotspots for N uptake and transformation and more breadth across solutes could be added. It would be helpful to add nutrient removal processes to statements in text on importance of nutrient spiraling (e.g., specifics on denitrification= removal), as both processes are important. 





4. Comments on uncertainty: 


SAB members suggest that the authors consider displaying conclusions in a matrix form to summarize extent of evidence supporting the conclusion, as well as uncertainty across function and system type. Additionally, we suggest including temporal/spatial scale of phenomena, effect size, and intensity. 





Finally, it would be helpful to readers to include depiction of level of confidence (e.g., IPCC reports). For example, conclusions drawn in the broader sense on connectivity should have a high level of certainty, and then at local scale the certainty could be lower due to geographic and climatic variability. 





5. Case studies and context:  


Some SAB members questioned how the case studies were supposed to serve the broader chapter on streams. Were they meant to be examples of extremes?  For example, it appears that in prairie stream case study, the importance of how humans alter connectivity was a key point. The motivations for the case study choice should be mentioned in the general stream chapter. 





Also, each case study has its own bulleted list of conclusions, and it is somewhat confusing as to how do these relate to the more general overall conclusions. Some case study conclusions seemed overreaching (e.g., in arid streams example), and not placed in the context of geographic differences. For example, flow in arid streams in urban environments can be dominated by waste treatment effluent (e.g., Rio Grande River at Albuquerque, NM). Thus, real-world management scenarios contrast greatly with the situations described in the case study for arid streams. 





As an alternative framework for the case studies, hydrology could be a unifying theme; for example stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which of course varies regionally. In the summary conclusions, it might be good to break out flow-, geology- and weather-dependent conclusions from generalities. 





Finally, the conclusions in the case studies could be improved by explicitly mentioning how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using existing case studies). 





6. Consistency throughout text: 


[bookmark: _GoBack]Finally, it is essential that the emphasized functions and linkages are consistently and succinctly stated in Streams: synthesis section in Ch4 (p4-35-36), and consistent with 1.4.2 Key Finding (p1-7),  and in Section 6.1 (p6-1) Conclusions.  
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From: Mark Murphy
To: Genevieve Ali; ljohnson@d.umn.edu; Armitage, Thomas
Cc: Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu;


 Goodman, Iris; Amanda D. Rodewald
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Thursday, January 30, 2014 5:24:23 PM


I agree with Genevieve. We should push towards process-based definitions, not relationship-
based ones. Floodplain wetlands are almost always connected to a stream system and non-
floodplain ones are not, although non-floodplain wetlands might connect to a stream system at
 some frequency scale (always to never). So I would strike the "geographically isolated"
 adjective. But I also agree with her that we will need to revisit this once the question 2 group
 has a proposed terminology.


BTW, the numeric definition of "always to never" is what I would call an agency decision, to
 be based upon the connectivity report.


Mark T. Murphy, Ph.D., R.G.
Hassayampa Associates
#3110, 2600 W Ironwood Hill Dr.
Tucson, AZ 85745
(520) 302-9297
hassy@cox.net


*Confidentiality and Nondisclosure Notice:* This email transmission and
any attachments are intended for use by the person(s)/entity(ies) named
above and may contain confidential/privileged information. Any
unauthorized use, disclosure or distribution is strictly prohibited. If
you are not the intended recipient, please contact the sender by email,
and delete or destroy all copies plus attachments.


On 1/30/2014 12:16 PM, Genevieve Ali wrote:


Hi Lucinda,
 
I think that it is difficult at this stage to make a clear statement without knowing how
 the (whole panel) discussion of terminology will go and which (whole panel) consensus
 will be reached in response to the draft response of sub-group 2. Two quick
 suggestions:
 
1) If the idea is to let sub-group 2 suggest new terminology for the whole panel to
 discuss later, then we should just express our discomfort with the new terms but not
 suggest any terminology ourselves (i.e., go with the current paragraph without the last
 sentence that reads: “The panel recommends that terminology that categorizes the
 bidirectional wetlands as those within floodplains and unidirectional wetlands as those
 not within a floodplain, e.g. non-floodplain wetlands.”)
 
2) If we want to express our discomfort with the new terms AND push for the
 floodplain versus non-floodplain terminology at the same time, then we can keep the
 whole paragraph and maybe just alter the last sentence along the lines of: “In
 accordance with its response to charge question 2 that recommends the use of a
 conceptual framework with a flowpath focus, the panel suggests that terminology that
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 categorizes the bidirectional wetlands as those within floodplains and unidirectional
 wetlands as those not within a floodplain, e.g. non-floodplain wetlands, be used and
 explained in the context of that revised conceptual framework.”
 
I am OK with both options as any of the statements will likely need to be revised after
 the whole panel discussion some time in April.
 
G.
 
-- 


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program
Assistant Professor, Department of Geological Sciences
Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada 


Email: Genevieve.Ali@ad.umanitoba.ca
Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:
http://galiresearch.com/ 
http://www.wsrp.ca/
 
General Inquiries about the Watershed Systems Research Program (WSRP):
 wsrp@cc.umanitoba.ca
 
 
From:  [mailto:  On Behalf Of
 Lucinda Johnson
Sent: January-30-14 12:55 PM
To: Armitage, Thomas
Cc: Genevieve Ali; Mike Josselyn; rpb2@psu.edu; Robert Brooks;
 emily.bernhardt@duke.edu; mgooseff@engr.colostate.edu; hassy@cox.net; Goodman,
 Iris; Amanda D. Rodewald
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5
 (b)
 
ge 2, Paragraph 2: 
 
The Panel recommends that the conceptual framework as discussed below (see
 Figure X) be utilized as a means to discuss the types of hydrologic connections
 that occur within unidirectional wetlands. It may be preferred to move away from
 adopting a new classification or terminology as used in the Draft Report as it
 implies a one way flow pattern, when in fact, there may be many dimensions to


(b) (6) (b) (6)
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 connectivity, not only in relation to surface and shallow subsurface water flows,
 but to chemical and biological connectivity as well. It may be best to utilize a
 terminology that is already well ensconced in the scientific literature such as
 “geographically isolated wetlands” or the hydrogeomorphic classification system
 that focuses on depressional and slope landscape features. The panel recommends
 that terminology that categorizes the bidirectional wetlands as those within
 floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-
floodplain wetlands.


The latter part of the paragraph is making two contradictory recommendations
 regarding terminology:  First: move away from use of new terms: unidirectional
 and bidirectional in preference of geographically isolated or the
 hydrogeomorphic classification system terminology. Second: replace
 bidirectional wetlands with floodplain wetlands, and unidirectional as “non-
floodplain” wetlands..  
What should we recommend?  Our discussion yesterday seemed to favor the
 second.  
 
thanks
 
Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
 


On Tue, Jan 21, 2014 at 11:10 AM, Armitage, Thomas
 <Armitage.Thomas@epa.gov> wrote:


Dear Charge Question 5(a)/5(b) subgroup members,


 


I have scheduled a subgroup teleconference on Wednesday, January 29th from
 1:00 - 2:00 p.m. (Eastern Time) to discuss the draft responses to charge
 questions 5(a) and 5(b).


 


The teleconference call-in number is: 1-866-299-3188.  After calling in,
 please enter the following conference code at the prompt: 2023439995# .


 



mailto:Armitage.Thomas@epa.gov
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I look forward to talking with you on the call.


 


Tom Armitage


************************************************


Thomas Armitage Ph.D.


Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FYI
Date: Friday, February 07, 2014 5:36:00 PM
Attachments: question 1.docx


Iris,
 
FYI. Attached are my edits in charge question 1.  I am trying to keep the changes to a minimum but 
 to make it clear and put it in the consistent report format we discussed. 
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3.	RESPONSES TO THE EPA’S CHARGE QUESTIONS





[bookmark: _Toc329597907]3.1.	Overall Clarity and Technical Accuracy of the Draft Report





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.   





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is both thorough and technically accurate. However, the SAB finds that the Report could be strengthened by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document, (2) improve the usefulness of the document to decision-makers, (3) strengthen the literature review, (4) provide additional detail and clarification of text in some parts of the document, and (5) restructure the case studies. 





3.1.1.  Style and Organization of the Draft Report





There were are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for continuity so that it is written in a single voice.  There also is a strong need to check for consistent use of terms and definitions, between the chapters and subchapter sections, and the chapter text and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent).  Lastly, the reportReport is quite long and often repetitive, and the main points are easily lost in the volume of material presented.  Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included.  The agency might should consider hiring a technical editor to address these issues.  





Organization.  Several organizational changes will improve the readability of the reportReport. OneFirst, the conceptual framework should be the integrator of the entire reportReport.  Each section of the Report should be with clearly linkeds to the conceptual framework and within each section.   As written, the chapters of the Report wereare  not always consistent with the way the conceptual framework wasis treated.  TwoSecond, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text.   ThreeThird, the key points should be stated simply and directly at the end of each chapter, not buried in a lot of detail.  Fourth, the authors should consider including in the executive summary making a succinct table  that summarizes the key findings of the reportReport.  The IPCC report was suggested as an excellent model.





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 


· Terms and definitions should be used consistently in all parts of the Report and caution should be exercised when using words that may have legal or regulatory meanings.


·  Superfluous or redundant information should be removed from the Report. 


· Each section of the Report should be clearly linked to the conceptual framework.


· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.


· Key points should be clearly stated at the end of each chapter.


· A succinct table summarizing the key findings of the report should be included in the executive summary.





3.1.2	Improving the Usefulness of the Draft Report to Decision-Makers





Usefulness to decision-makers.  Although the reportReport is a science, not policy, document, the panelSAB wasis sensitive to the fact that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the reportReport could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights.  For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the reportReport.  Here again, tThe authors might consider an the approach used in the report of the Intergovernmental Panel on Climate Change (IPCC, 2007). approach that This approach could be used to identifiyes the relative certainty of connectivity or an effect.  As written, the EPA Report often treats connectivity was often treated as a binary property - either present or absent, rather than as a gradient.  Many panelists and mThe SAB is mindful of comments received from many members of the public explained in their  who indicated comments that the binary perspective in the Report impliesd that any connectivity would significantly affect the biological, physical, or chemical integrity of downstream waters.  The reportReport also would be strengthened if it were to more explicitly address the cumulative or effects of streams and wetlands toon downstream waters (i.e., streams and wetlands considered in “aggregate”).  In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).


· The Report should more explicitly address the cumulative effects of streams and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.





3.1.3.	Strengthening the Literature Review





Literature review.  The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review.  The approach used for screening, compiling, and synthesizing information needs to be made explicit.  The SAB  finds that tThe absence of references to studies that failed to show connectivity struck many as odd and something that gave gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected.  The authors should explicitly state that an exhaustive literature review was performed, including studies showing and failing to show connectivity.   The SAB has provided Nnumerous additional references in this report and other references were have been suggested by panelists and by the written comments from the public, including many suggestionsreferences in the comments received from Ducks Unlimited, the U.S. Department of Agriculture Natural Resources Conservation Service, the State of Alaska Technical Comments, the American Petroleum Institute, and the National Wildlife Federation.





Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature, (2) the kinds of evidence used to support the findings and conclusions, and (3) the number and types of studies selected for review.


· The Report should clearly describe the approach used to screen, compile, and synthesize information.


· Studies that fail to show connectivity should be cited in the Report along with those that demonstrate connectivity.


· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.3.	Additional Detail and Clarification of Text Needed in the Draft Report





Additional detail and/or clarification needed.   The SAB finds that the discussions of the following topics in the EPA’s Report require clarification and/or the additional detailed information: Several topics were identified by panelists as requiring additional detail and clarification in the report.  Many of these are described more fully in responses to other charge questions; they include:





· The importance and relevance of different spatial and temporal scales 


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle.  As part of this, connectivity via food webs should be included.  


· Greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.    


· Why a watershed perspective is needed to understand connectivity 


· The rationale for considering water bodies in aggregate for evaluations of connectivity.


· Human modifications and their impacts on connectivity.  Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands and consistent use of these terms in text


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity





The need for additional information about many of these topics is discussed in other sections of this SAB report.





Recommendation





· The topics listed in this section should be discussed in more detail in EPA’s Report.








3.1.4.	Restructuring the Case Studies in the Draft Report





[bookmark: _GoBack]Case studies.  The panel agreed SAB finds that the case studies in the Report provided helpful illustrations of connectivity between downstream waters and geographically-specific types of systems.  That said, case studies could be even more helpful if they were selected and organized to allow for comparisons among geographic regions , such as Southwest arid and Midwest mesic systems.  The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated.  The rationale for selecting different case studies and the key points being illustrated by each  should be explicitly stated early in the text.  An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points.  Within these textboxes the expanded versions can be referenced and included in appendices.





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.


· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.


· EPA should consider presenting the case studies in text boxes throughout the Report that reference more detailed information in report appendices.
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From:  on behalf of Lucinda Johnson
To: Armitage, Thomas
Cc: Genevieve Ali; Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu;


 mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Thursday, January 30, 2014 1:55:58 PM


ge 2, Paragraph 2: 


The Panel recommends that the conceptual framework as discussed below (see Figure X) be
 utilized as a means to discuss the types of hydrologic connections that occur within
 unidirectional wetlands. It may be preferred to move away from adopting a new classification
 or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact,
 there may be many dimensions to connectivity, not only in relation to surface and shallow
 subsurface water flows, but to chemical and biological connectivity as well. It may be best to
 utilize a terminology that is already well ensconced in the scientific literature such as
 “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses
 on depressional and slope landscape features. The panel recommends that terminology that
 categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands
 as those not within a floodplain, e.g. non-floodplain wetlands.


The latter part of the paragraph is making two contradictory recommendations regarding
 terminology:  First: move away from use of new terms: unidirectional and bidirectional in
 preference of geographically isolated or the hydrogeomorphic classification system
 terminology. Second: replace bidirectional wetlands with floodplain wetlands, and
 unidirectional as “non-floodplain” wetlands..  


What should we recommend?  Our discussion yesterday seemed to favor the second.  


thanks


Lucinda


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Tue, Jan 21, 2014 at 11:10 AM, Armitage, Thomas <Armitage.Thomas@epa.gov> wrote:


Dear Charge Question 5(a)/5(b) subgroup members,


 


(b) (6)
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I have scheduled a subgroup teleconference on Wednesday, January 29th from 1:00 - 2:00
 p.m. (Eastern Time) to discuss the draft responses to charge questions 5(a) and 5(b).


 


The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter the
 following conference code at the prompt: 2023439995# .


 


I look forward to talking with you on the call.


 


Tom Armitage


************************************************


Thomas Armitage Ph.D.


Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
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From: Armitage, Thomas
To: Goodman, Iris
Subject: FYI
Date: Friday, February 07, 2014 5:36:00 PM
Attachments: question 1.docx


Iris,
 
FYI. Attached are my edits in charge question 1.  I am trying to keep the changes to a minimum but 
 to make it clear and put it in the consistent report format we discussed. 
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3.	RESPONSES TO THE EPA’S CHARGE QUESTIONS





[bookmark: _Toc329597907]3.1.	Overall Clarity and Technical Accuracy of the Draft Report





Charge Question 1. Please provide your overall impressions of the clarity and technical accuracy of the draft EPA Report, Connectivity of Streams and Wetlands to Downstream Waters: A Review and Synthesis of the Scientific Evidence.   





The SAB was asked to provide its overall impression of the clarity and technical accuracy of EPA’s draft report on the connectivity of streams and wetlands to downstream waters. The Report is an extensive review of the literature that is both thorough and technically accurate. However, the SAB finds that the Report could be strengthened by careful editing to: (1) ensure consistency and continuity in style and organization throughout the document, (2) improve the usefulness of the document to decision-makers, (3) strengthen the literature review, (4) provide additional detail and clarification of text in some parts of the document, and (5) restructure the case studies. 





3.1.1.  Style and Organization of the Draft Report





There were are stylistic differences among the chapters of the EPA’s Report, and the writing needs to be reworked for continuity so that it is written in a single voice.  There also is a strong need to check for consistent use of terms and definitions, between the chapters and subchapter sections, and the chapter text and the glossary. The authors also should exercise caution when using words that may denote particular legal or regulatory meanings (e.g., significant, adjacent).  Lastly, the reportReport is quite long and often repetitive, and the main points are easily lost in the volume of material presented.  Superfluous or redundant information should be removed, being careful that only concise text supporting the key findings is included.  The agency might should consider hiring a technical editor to address these issues.  





Organization.  Several organizational changes will improve the readability of the reportReport. OneFirst, the conceptual framework should be the integrator of the entire reportReport.  Each section of the Report should be with clearly linkeds to the conceptual framework and within each section.   As written, the chapters of the Report wereare  not always consistent with the way the conceptual framework wasis treated.  TwoSecond, each paragraph and/or subsection of the Report should have parallel structure where main points are clearly articulated at the end – perhaps even in bold or underlined text.   ThreeThird, the key points should be stated simply and directly at the end of each chapter, not buried in a lot of detail.  Fourth, the authors should consider including in the executive summary making a succinct table  that summarizes the key findings of the reportReport.  The IPCC report was suggested as an excellent model.





Recommendations





· The Report should be edited to ensure that it is written in a consistent style and single voice. 


· Terms and definitions should be used consistently in all parts of the Report and caution should be exercised when using words that may have legal or regulatory meanings.


·  Superfluous or redundant information should be removed from the Report. 


· Each section of the Report should be clearly linked to the conceptual framework.


· Each paragraph and/or subsection of the Report should have a parallel structure where main points are clearly articulated at the end.


· Key points should be clearly stated at the end of each chapter.


· A succinct table summarizing the key findings of the report should be included in the executive summary.





3.1.2	Improving the Usefulness of the Draft Report to Decision-Makers





Usefulness to decision-makers.  Although the reportReport is a science, not policy, document, the panelSAB wasis sensitive to the fact that it was written to support the EPA’s efforts to clarify the jurisdiction of the Clean Water Act. As such, the reportReport could be written in a more strategic manner that focuses less heavily on reviewing the basic dynamics of systems and more on dealing with complex or nuanced issues about which the synthesis can provide important insights.  For example, the degree, magnitude, or consequences of connectivity could be better quantified throughout the reportReport.  Here again, tThe authors might consider an the approach used in the report of the Intergovernmental Panel on Climate Change (IPCC, 2007). approach that This approach could be used to identifiyes the relative certainty of connectivity or an effect.  As written, the EPA Report often treats connectivity was often treated as a binary property - either present or absent, rather than as a gradient.  Many panelists and mThe SAB is mindful of comments received from many members of the public explained in their  who indicated comments that the binary perspective in the Report impliesd that any connectivity would significantly affect the biological, physical, or chemical integrity of downstream waters.  The reportReport also would be strengthened if it were to more explicitly address the cumulative or effects of streams and wetlands toon downstream waters (i.e., streams and wetlands considered in “aggregate”).  In particular, a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated would be useful.





Recommendations





· There should be greater focus in the Report on complex issues about which synthesis can provide important insights (e.g., better quantification of the degree, magnitude or consequences of connectivity).


· The Report should more explicitly address the cumulative effects of streams and wetlands on downstream waters. In particular, the Report should contain a discussion of the spatial and temporal scales at which streams and wetlands are functionally aggregated.





3.1.3.	Strengthening the Literature Review





Literature review.  The literature review in the Report can be strengthened by clarifying what was considered as peer-reviewed literature, the kinds of evidence used to support the findings and conclusions in the Report, and the number and types of studies selected for review.  The approach used for screening, compiling, and synthesizing information needs to be made explicit.  The SAB  finds that tThe absence of references to studies that failed to show connectivity struck many as odd and something that gave gives an appearance of bias towards certain studies or even perhaps an effort to “prove” that systems are connected.  The authors should explicitly state that an exhaustive literature review was performed, including studies showing and failing to show connectivity.   The SAB has provided Nnumerous additional references in this report and other references were have been suggested by panelists and by the written comments from the public, including many suggestionsreferences in the comments received from Ducks Unlimited, the U.S. Department of Agriculture Natural Resources Conservation Service, the State of Alaska Technical Comments, the American Petroleum Institute, and the National Wildlife Federation.





Recommendations





· The literature review in the Report should be clarified to indicate: (1) what was considered to be peer reviewed literature, (2) the kinds of evidence used to support the findings and conclusions, and (3) the number and types of studies selected for review.


· The Report should clearly describe the approach used to screen, compile, and synthesize information.


· Studies that fail to show connectivity should be cited in the Report along with those that demonstrate connectivity.


· EPA should consider including in the Report additional information from references provided by the SAB and members of the public.





3.1.3.	Additional Detail and Clarification of Text Needed in the Draft Report





Additional detail and/or clarification needed.   The SAB finds that the discussions of the following topics in the EPA’s Report require clarification and/or the additional detailed information: Several topics were identified by panelists as requiring additional detail and clarification in the report.  Many of these are described more fully in responses to other charge questions; they include:





· The importance and relevance of different spatial and temporal scales 


· Biological connections, especially for birds, mammals, and salamanders, across the full life cycle.  As part of this, connectivity via food webs should be included.  


· Greater range of geographic regions (e.g., arctic) and systems, including human modified systems, forested wetlands, and bottomland forests.    


· Why a watershed perspective is needed to understand connectivity 


· The rationale for considering water bodies in aggregate for evaluations of connectivity.


· Human modifications and their impacts on connectivity.  Modifications can include directly removing/diminishing or restoring/enhancing connectivity, roads, agricultural tiles, dams, pumping groundwater, irrigation, channelization, and other manmade infrastructure (piped streams, stormwater pipes).


· Definitions of river, unidirectional and bidirectional wetlands, geographically isolated wetlands and consistent use of these terms in text


· Future research, technological, and methodological needs that will improve our ability to understand and estimate connectivity





The need for additional information about many of these topics is discussed in other sections of this SAB report.





Recommendation





· The topics listed in this section should be discussed in more detail in EPA’s Report.








3.1.4.	Restructuring the Case Studies in the Draft Report





[bookmark: _GoBack]Case studies.  The panel agreed SAB finds that the case studies in the Report provided helpful illustrations of connectivity between downstream waters and geographically-specific types of systems.  That said, case studies could be even more helpful if they were selected and organized to allow for comparisons among geographic regions , such as Southwest arid and Midwest mesic systems.  The case studies are currently long and densely-written accounts, and this can make it difficult to identify which concept is being illustrated.  The rationale for selecting different case studies and the key points being illustrated by each  should be explicitly stated early in the text.  An alternative structure that the authors might consider is to present the case studies as brief, easily read, textboxes that clearly and simply articulate key points.  Within these textboxes the expanded versions can be referenced and included in appendices.





Recommendations





· The case studies in the Report should be carefully selected and organized to allow comparison of the connectivity of water bodies in different geographic regions.


· The rationale for selecting different case studies and the key points illustrated in each should be clearly stated early in the text.


· EPA should consider presenting the case studies in text boxes throughout the Report that reference more detailed information in report appendices.
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From:  on behalf of Lucinda Johnson
To: Mike Josselyn
Cc: Robert Brooks; Robert Brooks; Emily Bernhardt Ph. D.; mgooseff@engr.colostate.edu; hassy@cox.net; Goodman,


 Iris; Amanda D. Rodewald; Genevieve Ali; Armitage, Thomas
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)
Date: Friday, January 31, 2014 10:32:45 AM


I also like the second option.  


L>


-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


On Thu, Jan 30, 2014 at 5:15 PM, Mike Josselyn <josselyn@wra-ca.com> wrote:


I am in concurrence with Genevieve’s second option as it links to the conceptual framework that
 will be proposed by the Panel.


 


Mike


 


From: Genevieve Ali [mailto:Genevieve.Ali@umanitoba.ca] 
Sent: Thursday, January 30, 2014 11:17 AM
To: ljohnson@d.umn.edu; Armitage, Thomas
Cc: Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu;
 mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: RE: Teleconference to discuss the draft responses to charge questions 5(a) and 5
 (b)


 


Hi Lucinda,


 


I think that it is difficult at this stage to make a clear statement without knowing how the
 (whole panel) discussion of terminology will go and which (whole panel) consensus will be
 reached in response to the draft response of sub-group 2. Two quick suggestions:
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1) If the idea is to let sub-group 2 suggest new terminology for the whole panel to discuss
 later, then we should just express our discomfort with the new terms but not suggest any
 terminology ourselves (i.e., go with the current paragraph without the last sentence that
 reads: “The panel recommends that terminology that categorizes the bidirectional
 wetlands as those within floodplains and unidirectional wetlands as those not within a
 floodplain, e.g. non-floodplain wetlands.”)


 


2) If we want to express our discomfort with the new terms AND push for the floodplain
 versus non-floodplain terminology at the same time, then we can keep the whole
 paragraph and maybe just alter the last sentence along the lines of: “In accordance with
 its response to charge question 2 that recommends the use of a conceptual framework
 with a flowpath focus, the panel suggests that terminology that categorizes the
 bidirectional wetlands as those within floodplains and unidirectional wetlands as those not
 within a floodplain, e.g. non-floodplain wetlands, be used and explained in the context of
 that revised conceptual framework.”


 


I am OK with both options as any of the statements will likely need to be revised after the
 whole panel discussion some time in April.


 


G.


 


--


Genevieve Ali, BSc Hons, PhD
Junior Chair, Watershed Systems Research Program


Assistant Professor, Department of Geological Sciences


Center for Earth Observation Science (CEOS)
Clayton H. Riddell Faculty of Environment, Earth and Resources
232 Wallace Building, Fort Gary Campus
University of Manitoba, Winnipeg, Manitoba, R3T 2N2 Canada


Email: Genevieve.Ali@ad.umanitoba.ca


Phone: +1 (204) 474-7266
Fax: +1 (204) 474-7623


Websites:


http://galiresearch.com/ 



mailto:Genevieve.Ali@ad.umanitoba.ca

tel:%2B1%20%28204%29%20474-7266

tel:%2B1%20%28204%29%20474-7623
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http://www.wsrp.ca/


 


General Inquiries about the Watershed Systems Research Program (WSRP):
 wsrp@cc.umanitoba.ca


 


 


From:  [mailto:  On Behalf Of
 Lucinda Johnson
Sent: January-30-14 12:55 PM
To: Armitage, Thomas
Cc: Genevieve Ali; Mike Josselyn; rpb2@psu.edu; Robert Brooks; emily.bernhardt@duke.edu;
 mgooseff@engr.colostate.edu; hassy@cox.net; Goodman, Iris; Amanda D. Rodewald
Subject: Re: Teleconference to discuss the draft responses to charge questions 5(a) and 5 (b)


 


ge 2, Paragraph 2: 


 


The Panel recommends that the conceptual framework as discussed below (see
 Figure X) be utilized as a means to discuss the types of hydrologic connections that
 occur within unidirectional wetlands. It may be preferred to move away from
 adopting a new classification or terminology as used in the Draft Report as it implies
 a one way flow pattern, when in fact, there may be many dimensions to
 connectivity, not only in relation to surface and shallow subsurface water flows, but
 to chemical and biological connectivity as well. It may be best to utilize a
 terminology that is already well ensconced in the scientific literature such as
 “geographically isolated wetlands” or the hydrogeomorphic classification system
 that focuses on depressional and slope landscape features. The panel recommends
 that terminology that categorizes the bidirectional wetlands as those within
 floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-
floodplain wetlands.


The latter part of the paragraph is making two contradictory recommendations
 regarding terminology:  First: move away from use of new terms: unidirectional and
 bidirectional in preference of geographically isolated or the hydrogeomorphic
 classification system terminology. Second: replace bidirectional wetlands with
 floodplain wetlands, and unidirectional as “non-floodplain” wetlands..  


What should we recommend?  Our discussion yesterday seemed to favor the second.
  


 


thanks
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Lucinda


-------
Lucinda B. Johnson


Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251


 


On Tue, Jan 21, 2014 at 11:10 AM, Armitage, Thomas
 <Armitage.Thomas@epa.gov> wrote:


Dear Charge Question 5(a)/5(b) subgroup members,


 


I have scheduled a subgroup teleconference on Wednesday, January 29th from
 1:00 - 2:00 p.m. (Eastern Time) to discuss the draft responses to charge questions
 5(a) and 5(b).


 


The teleconference call-in number is: 1-866-299-3188.  After calling in, please enter
 the following conference code at the prompt: 2023439995# .


 


I look forward to talking with you on the call.


 


Tom Armitage


************************************************


Thomas Armitage Ph.D.


Designated Federal Officer


EPA Science Advisory Board Office



tel:218%20720-4251

mailto:Armitage.Thomas@epa.gov

tel:1-866-299-3188

tel:2023439995





202-564-2155 (phone/voice mail)


202-565-2098 (fax)


armitage.thomas@epa.gov
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From:  on behalf of Lucinda Johnson
To: Genevieve Ali; Armitage, Thomas; Goodman, Iris
Subject: G: your turn to edit. Please pass along to the next editor when you are done. Thanks..
Date: Friday, January 31, 2014 4:48:40 PM
Attachments: esb_Users_tarmitag_Documents_Wetland Connectivity_Subgroup responses to charge


 questions_Lentic_systems_5A_and_5B_1_29_14_clean.docx


thank you.


Lucinda
-------
Lucinda B. Johnson
Interim Director, Natural Resources Research Institute
Director, Center for Water and the Environment
Natural Resources Research Institute
University of Minnesota
Duluth, MN 55811
218 720-4251
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1/17/14 Draft response from the Charge Question 5 Subgroup of the SAB Panel for the Review of the EPA Water Body Connectivity Report.  This draft does not represent consensus SAB advice or EPA policy.


DO NOT CITE OR QUOTE








Lentic systems: Wetlands and Open Waters with Potential for Unidirectional Hydrologic Flows to Rivers and Lakes, Including “Geographically Isolated Wetlands”





5(a) Section 5.4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of wetlands and certain open waters, including “geographically isolated wetlands,” with potential for unidirectional hydrologic flows to rivers and lakes. Please comment on whether the Report includes the most relevant published peer reviewed literature with respect to these types of wetlands and open waters. Please also comment on whether the literature has been correctly summarized. Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature.


Summary of Comments:


1. The literature review is generally thorough, technically accurate and readable; however, the Panel recommends that additional literature can be added, referencing additional literature on biological connections, especially those which analyze material flows generated by avian fauna be added.


2. The panel recommends the authors reconsider the use of the term “unidirectional” and “geographically isolated” wetlands.  (See charge question 2 response for a detailed discussion on terminology.)


3. The exclusive focus on hydrologic connections does not account for important biological exchanges that can strongly influence the integrity of downstream waters; the panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the magnitude, duration, and frequency of these connections (See Figure X). 	Comment by Lucinda Johnson: CQ 5 group encourage CQ 2 group to adopt this language.



4. The panel recommends that spatial landscape position and scale should be considered in the evaluation of the degree of connectivity, since regional context (e.g., geology, climate, landforms, surficial sediments) are major drivers of the temporal and spatial scales of hydrologic linkages.  This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


5. Human disturbance may change the type as well as the magnitude, frequency and duration of connections; the report should acknowledge the role of humans in these changes.





Detailed Comments:


Overall, the Panel finds that the report has captured the most relevant literature on wetlands under the Report’s definition of “unidirectional wetland” including geographically isolated wetlands. Major reviews that have been included in the peer review literature have been included in the bibliography. The Panel believes that some additional literature from 2013 can be added and also recommends that additional citations on biological connections, especially those that address material flows generated by avian fauna be added[footnoteRef:1]. Connections between unidirectional wetlands and downstream waters made by major assemblages of species such as amphibians, birds, reptiles, and invertebrates could then be further discussed. Biological exchanges potentially influence the biological integrity of downstream waters through (1) bulk exchange of materials (e.g., energy, nutrients, contaminants), introduction of disease vectors or other living matter, or (2) contribution to biotic integrity of downstream waters through provision of habitat that is essential for completion of life cycle of downstream species. [1:  Panel members have provided additional references in their individual comments.   ] 



The Panel recommends that the conceptual framework as discussed below (see Figure X) be utilized as a means to discuss the types of hydrologic connections that occur within unidirectional wetlands. It may be preferred to move away from adopting a new classification or terminology as used in the Draft Report as it implies a one way flow pattern, when in fact, there may be many dimensions to connectivity, not only in relation to surface and shallow subsurface water flows, but to chemical and biological connectivity as well. It may be best to utilize a terminology that is already well ensconced in the scientific literature such as “geographically isolated wetlands” or the hydrogeomorphic classification system that focuses on depressional and slope landscape features. The panel recommends that terminology that categorizes the bidirectional wetlands as those within floodplains and unidirectional wetlands as those not within a floodplain, e.g. non-floodplain wetlands.  In accordance with its response to charge question 2 that recommends the use of a conceptual framework with a flowpath focus, the Panel suggests that terminology that categorizes the bidirectional wetlands as those within floodplains, and unidirectional wetlands as those not within a floodplain, (e.g. non-floodplain wetlands), be used and explained in the context of that revised conceptual framework.	Comment by Lucinda Johnson: Request that charge question 2  group use or incorporate this framework.	Comment by Lucinda Johnson: See alternative text in red below.	Comment by Admin Emily Bernhardt: I am a fan of this 2nd alternative


[image: ]The Panel recommends that the report be reorganized around the types of connections between wetlands and downstream waters- including surface water, ground water and biological, with specific attention paid to the gradients of these pathways (see Figure X).  The analysis should focus more on the degree of connectivity (magnitude, duration, frequency) rather than only the presence of a connection.  The Panel believes that such an analysis can be done and would be useful in determining the significance of such a connection. We have suggested one conceptual way to describe this approach in Figure X. Since connectivity is expressed along a gradient, it should be acknowledged that there are wetlands and open water bodies that are weakly (minimally) hydrologically connected and it is important to define this end of the gradient.  (The Panel recommends that the authors consider the following statement that reflects the temporal dynamics of connections of these minimally connected wetlands: “Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”) The Draft Report should recognize that there are wetlands and open water bodies that are not (or are minimally) connected and it is important to define this end of the gradient e.g., terminal salt lakes, playas. Finally, the panel recommends that the report include a general discussion of the linkage types (e.g. hydrologic, chemical, biota) in terms of their role in affecting downstream water quality (perhaps with examples in case histories).  





Figure X.  Framework representing the potential consequences of changes to downstream waters with increases in the magnitude, duration, and frequency of surface and subsurface connections.	Comment by Lucinda Johnson: After much discussion: LEAVE OUT THE CHEMISTRY CATEGORY IN THE UPPER PANEL OF THE DIAGRAM, UNLESS EMILY THINKS OTHERWISE.

OKAY – ITS IMPORTANT BUT NOT ESSENTIAL…






Functional characteristics of interest are differentially affected by the type and characteristics of connections. This framework is envisioned as a potential management tool for mapping the functional characteristics (e.g., source, sink, refugee, lag, transformation) of specific constituents across different regions to assess the consequences and relative extent of hydrologic and biological flows from unidirectional wetlands to downstream waters.  Temporal and spatial scales of connections should be addressed explicitly with a discussion of the magnitude, frequency and duration of connections quantified. In particular, the Panel recommends that the EPA examine connectivity through a range of time scales (e.g. days vs thousands of years) to establish the magnitude, duration and frequency of connections.  The time frame for groundwater dynamics occurs at different scale than that of surface and shallow subsurface flows; therefore, groundwater connections, where they exist, may not have immediate influence on downstream water quality.  On the other hand, they may be important in sustaining flows in rivers and streams during drought periods.  Low frequency, but high magnitude connections can potentially radically change the chemical environment of downstream waters if they lead to the transfer of novel or toxic chemicals from isolated, polluted wetlands. To address the important issues of the timing of connectivity, the The P panel recommends that the Draft Report further define the temporal scale of surface and groundwater flows in unidirectional wetlands. Note that low frequency, but high magnitude events can potentially radically change the chemical environment through the introduction of novel chemicals.     	Comment by Lucinda Johnson: This sentence now hangs without much context.  Since we have recommended deleing the novel chemistry from the diagram, should we keep or delete this sentence?

I tried to resolve that issue by moving the sentence.



Spatial landscape position and scale should be considered, e.g. distance from and size of wetlands (or similar wetland types) in the evaluation of the degree of connectivity. Regional context (e.g., geology, climate, landforms, surficial sediments) are major drivers of the temporal and spatial scales of hydrologic linkages. This will likely provide further rationale for treating wetland complexes as aggregates rather than as individual units.


The Draft Report tends to focus entirely on natural wetland systems or those with minimal disturbance.   Human disturbance (and legacies) alter type, strength and magnitude of connectivity pathways.  Some types of disturbances promote connections where none existed, others alter existing connection type or the novelty of chemistry / biology. In addition, there are many instances where man-made isolated wetlands occur within the landscape. These features are often found behind levees or within isolated parcels within urban landscapes and do not have the same ecosystem functions as natural wetlands.  The Panel recommends that the Draft Report acknowledge these types of alterations or man-made habitats and incorporate a discussion about current and past (legacy) human disturbances that alter the type, strength and magnitude of connectivity pathways.









RESPONSE DRAFT FOR CHARGE 5b


STATED CONCLUSIONS


1. The Panel disagrees with the conclusion “The literature we reviewed does not provide sufficient information to evaluate or generalize about the degree of connectivity (absolute or relative) or the downstream effects of wetlands in unidirectional landscape settings.”   The Panel strongly recommends that the authors remove this sentence, as it is inconsistent with the synthesized literature it is intended to summarize. The Panel provides additional literature that supports this recommendation.


2. The Panel recommends that the third conclusion explicitly recognize connectivity as a gradient rather than a dichotomous, categorical variable. The Panel suggests the following text to open the conclusion section to highlight the fact that there are multiple mechanisms resulting in connectivity, and these occur over gradients of both space and time. 


“Over sufficiently long time scales all aquatic habitats are connected to downstream waters through the transfer of water, chemicals or biota, yet the magnitude and effects of these connections vary widely across wetlands.”



3. The panel recommends that the conclusions should encompass connectivity beyond hydrologic ones, and that the frequency, magnitude, and duration of these several connections should be considered. 


Within the text of the third conclusion, the authors should explicitly recognize the four pathways by which unidirectional wetlands can be connected to downstream waters: via surface, shallow subsurface or groundwater flowpaths,  or through the movement of biota. It is the magnitude of material, water or biotic fluxes between a wetland and downstream waters rather than the simple presence or absence of a connection that determines the strength of their linkage between a wetland and downstream waters.



4. The Panel disagrees with the notion that even minimal hydrologic connections are more important than any biological connection (no matter how large the flux). The Panel recommends that this emphasis must shift in order to account for strong connections along any one of the four pathways of connection. If the goal of defining and estimating connectivity is to protect downstream waters, the interpretation must move from a dichotomous, categorical distinction (connected vs. not connected) towards a gradient approach that recognizes variation in the strength, duration and magnitude of those connections.





KEY FINDINGS


1. The Panel suggests, as has been done for prior conclusions, that the authors remove references to specific studies within the text of the key findings. As these are intended to summarize general themes arising from a broad literature synthesis, we feel that it is disingenuous to attribute these overarching findings to one or a few specific studies. Further, the Panel recommends the Key Findings be kept short and concise.


2. The panelists articulated modified versions of several of the key findings that we are consistent with the literature synthesis performed and our own expert knowledge of the subject. We offer these revised findings as a straw man to stimulate conversation and revision in response to significant concerns that: a) the original conclusions (5b) did not match the text that preceded it (5a) and b) there was too little attention paid to biological connections.



Key Findings:


Key Finding a - no suggestions for improvement 


Key Finding b - no suggestions for improvement of existing text. However, we suggest additional key finding on BIOLOGICAL FUNCTIONS of unidirectional wetlands


”Wetlands provide unique and important habitats for many organisms, both common and rare. Some of these organisms require multiple types of waters to complete their full life cycle, including downstream waters. Other organisms, especially abundant species, play important roles in transferring energy and materials between wetlands and downstream waters (see Figure X.)”


Key Finding c - no suggestions for improvement in existing text. Suggested additional key finding on BIOLOGICAL CONNECTIVITY between unidirectional wetlands and downstream waters to parallel the above finding on “hydrologic connectivity”: 


“Biological connectivity can occur between [unidirectional] wetlands and downstream waters through two major mechanisms. 1) Activities by biological organisms within wetlands (e.g., foraging, breeding, roosting) can change the amount, concentration, and density of organic and/or inorganic components within the water column or soils, which can be transmitted down-gradient by fluxes of surface water or groundwater. 2) Movements of animals (i.e., macroinvertebrates, fish, amphibians, reptiles, birds, mammals) and plants (i.e., seeds, propagules, including colonization by invasive species) can occur among waters with varying frequency, duration, and distance. Many species in these groups that use both stream and wetland habitats are capable of dispersal distances equal to or greater than distances between many [unidirectional] wetlands and river networks. Migratory waterbirds (e.g., waterfowl, shorebirds, waders, colonial species) can be an important vector of long-distance dispersal of plants, invertebrates, parasites, and disease organisms between these waters and the river network. In addition, the magnitude of translocated biomass and nutrients can be substantial, when large numbers of individuals move temporarily, periodically, or permanently between waters.”



Key Finding g.  No suggestions for improvement in existing text.  


The Panel recommends adding two additional key findings that summarize important information from the main body of the document that was not emphasized in the original wording of the key findings. 


1. Suggested additional key finding on SPATIAL PROXIMITY of unidirectional wetlands:  “Spatial proximity is an important determinant of the magnitude, frequency and duration of connections between wetlands and rivers that will ultimately influence the fluxes of water, materials and biota between wetlands and downstream waters.”


2. Suggested additional key finding on CUMULATIVE OR AGGREGATE IMPACTS of unidirectional wetlands:  “The cumulative influence of many individual wetlands within watersheds can strongly affect the spatial scale, magnitude, frequency, and duration of hydrologic, biologic and chemical fluxes or transfers to downstream waters.”


“Because of their aggregated influence, any evaluation of changes to individual wetlands should be considered in the context of past and predicted changes to other wetlands within the same watershed.”


We direct authors to the following references in support of this statement.


· Preston, E. M., and B. L. Bedford. 1988. Evaluation cumulative effects on wetland functions: a conceptual overview and generic framework. Environmental Management 12(5):565-583. 


· Lee and Gosselink 1988. Cumulative impacts on wetlands: Linking Scientific Assessments and Regulatory Alternatives. Environmental Management 12: 591-602.
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From: Goodman, Iris
To: Armitage, Thomas
Subject: Intro. to 5. B.
Date: Tuesday, February 25, 2014 11:49:15 AM


In responding to EPA’s findings and conclusions regarding connectivity among open waters
 and unidirectional (non-floodplain) wetlands and downstream waters (Section 1.43 of the
 Report), the SAB focused on knowledge drawn from the peer-reviewed literature, especially
 that:  (1) connectivity extends beyond hydrologic connectivity, (2) each connectivity flowpath
 can be described as a gradient that varies over space and time, and (3) that each contributes to
 of the downstream effects of multiple connectivity flowpaths. 
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From: Armitage, Thomas
To: ljohnson@d.umn.edu; emily.bernhardt@duke.edu; fennessym@kenyon.edu; sullivan.191@osu.edu;


 rosimarshalle@caryinstitute.org; tank.1@nd.edu; mrains@usf.edu
Cc: adr79@cornell.edu; Goodman, Iris
Subject: Reminder - We would like to receive written responses to SAB Connectivity Panel charge questions by Friday,


 January 31st
Date: Wednesday, January 29, 2014 5:19:00 PM


Dear SAB Connectivity Panel Lead Writers,
 
Thank you for your work to develop the written responses for your assigned charge questions.  This


 is a reminder that Iris and I would like to receive your write-ups by Friday, January 31st.  We will
 work with Dr. Rodewald to incorporate the charge question responses into an integrated draft
 report that will be sent to the entire Panel for review and discussion on a teleconference. 
 
Regards,
 
Tom Armitage
**********************
Thomas Armitage Ph.D.
Designated Federal Officer
EPA Science Advisory Board Office
202-564-2155 (phone/voice mail)
202-565-2098 (fax)
armitage.thomas@epa.gov
 
Mail: USEPA Science Advisory Board (1400R), 1200 Pennsylvania Avenue, N.W. Washington, D.C.
 20460
 
Office Location/Courier Address: USEPA Science Advisory Board, Ronald Reagan Building, 1300
 Pennsylvania Avenue, N.W., Suite 31150, Washington, D.C.  20004
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From:  on behalf of Mazeika Sullivan
To: Armitage, Thomas; Goodman, Iris
Cc: Amanda D. Rodewald; Allan, J; Lee Benda
Date: Friday, January 31, 2014 12:56:46 PM
Attachments: EAP_SAB_Recommendations for 4b_FINAL_01.31.14.pdf


Hi Tom and Iris - 


Please find attached our written response to Charge Question #4b. 


Best regards,
Mazeika
-----------------------------------------------------
Mazeika S.P. Sullivan, PhD
Assistant Professor of Aquatic-Riparian Ecology
School of Environment and Natural Resources 
The Ohio State University 
2021 Coffey Road 
Columbus, OH 43210 


Email: sullivan.191@osu.edu 
Phone: 614-292-7314 
Fax:   614-292-7432


http://go.osu.edu/mazeikasullivan
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Charge Question #4b 
Mazeika Sullivan, David Allan, Lee Benda 
 



#4(b) Conclusion (2) in section 1.4.2 of the Report Executive Summary discusses major findings and 
conclusions from the literature referenced in Charge Question 4(a) above. Please comment on 
whether the conclusions and findings in section 1.4.2 are supported by the available science. Please 
suggest alternative wording for any conclusions and findings that are not fully supported. 



 
 
General Comments:  
 
SAB Panel members are in general agreement that there is strong scientific support that riparian and 
floodplain water bodies and wetlands are highly connected to receiving waters through multiple 
pathways, including hydrological, chemical, and biological connectivity (but note that we recommend 
below that additional literature be included to bolster these findings, particularly as related to chemical 
connectivity). However, the key findings and conclusions to this chapter need to be directly related to 
the information presented in Section 5.3 on Riparian and Floodplain Wetlands, and should parallel one 
another. Any conclusions presented in Section 1.4.2 should align with conclusions presented in Sections 
5.5 and 6.1. Currently, many of the conclusions are drawn from literature related to riparian zones that 
are adjacent to water bodies other than floodplains that are periodically inundated (i.e., non-floodplain 
riparian zones). This weakens the potential opportunity to present direct evidence of connectivity (or 
lack thereof) between waters and wetlands in riparian/floodplain settings and receiving systems. SAB 
Panel members viewed this discrepancy as highly problematic. In addition, there appears to be a lack of 
clarity regarding the science (and cited literature) between floodplain areas that are not wetlands and 
floodplains that either have wetlands (floodplain wetlands) or that are inundated with sufficient 
frequency to be classified as wetlands. Although we recommend presenting a broad discussion of 
floodplain systems in 5.3 (to replace the current riparian focus), this distinction needs to be clear relative 
to the implications for connectivity and should be highlighted and carried through the text and 
conclusions. The inclusion of floodplains that are not wetlands or not inundated frequently enough to be 
wetlands in the report may risk criticism because it appears to either expand the definition of a river or 
downstream waters (not now included in the definition of rivers in the Glossary) or to bring into the 
report another landform unrelated to rivers per se (active channel) and wetlands or other water bodies.  
 
We offer the following additional recommendations (not in order of importance):  
 
1. Inconsistent terminology:  
We suggest that the language referring to riparian and floodplain wetlands remain consistent both within 
the key finding and conclusion sections as well as throughout Section 5.3 (e.g., riparian areas, riparian 
and floodplain areas, riparian/floodplain waters, etc. – Tables 5.1 and 5.3). Panel members found the use 
of riparian and floodplain areas to be particularly problematic, as these terms extend beyond water 
bodies. The terms “riparian” or “riparian areas” should used sparingly unless they refer directly to 
riparian wetlands or floodplains that are classified as wetlands by frequency of inundation because it 











	   2	  



leaves the appearance of relying on non-wetland riparian areas to support the report, thereby extending 
the report beyond its key objectives. (Note that the Glossary definitions distinguish between Riparian 
Areas and Riparian Wetlands as well as among Floodplain, Floodwater, and Floodplain Wetland. Also 
note that Upland is defined in the Glossary as: “(1) Higher elevation lands surrounding streams and 
their floodplains. (2) Within the wetland literature, specifically refers to any area that is not a water 
body and does not meet the Cowardin et al. (1979) three-attribute wetland definition.”)	  We recommend 
that bidirectional wetlands be called “waters and wetlands in riparian/floodplain settings”. The 
terminology used in the key findings and conclusions must align with the Glossary definitions and the 
Conceptual Framework. 
 
2. Temporal component:  
We suggest that the key findings and conclusions recognize the temporal dimension of waters and 
wetlands in riparian/floodplain settings relative to downstream connectivity, consistent with the four-
dimensional nature of the conceptual framework set forth in Chapter 2; water residence times and the 
transient nature of floodplains should be key points. This temporal perspective, combined with an 
emphasis on developing (and illustrating) a strength of connectivity, could be done using the well-
developed science of flood forecasting (probability) as a function of vertical and lateral connectivity. 
This might prove to be the best opportunity to highlight how hydrologists estimate the degree of 
connectivity, using flood frequency-floodplain inundation science throughout the entire report. 
Additionally, we suggest highlighting “channel migration zones”, which further address the lateral 
connectivity of rivers to their valley floors (not necessarily floodplains but including non-floodplain 
valley floors). In one year a floodplain (including as a wetland) can exist on one side of the channel, and 
the next year following a large flood, the active channel may have migrated 100 meters to the opposite 
size, stranding the former floodplain and creating new floodplains on that side. Thus floodplains, 
including wetlands, are temporally variable and transient, and connectivity could include what has been 
referred to as the “channel migration zone”. Some states have regulations about how to define and 
protect (regulate development) channel migration zones that are non-floodplain portions of the valley 
floor. Overall, this conclusion should reflect the main message of the new temporal section proposed for 
Section 5.3, as outlined in the Panel’s recommendations for Charge Question #4a. 
 
3. Further quantification: 
The key conclusions could be more empirically and/or more specifically described. Where there is 
demonstrated connectivity, it should be quantified (e.g., of X studies, X% support conclusion of 
connectivity). 
 
4. Chemical linkages: 
We recommend that the role of waters and wetlands in riparian/floodplain settings in storing and 
transforming chemical constituents be expanded under Key Finding d. This may require additional 
literature review (in section 5.3) in order to refer to literature on riparian and floodplain wetlands and 
water bodies rather than rely on riparian and upland examples. Changes to nitrate and DOC, as well as 
sediment storage, should be easily documented. There is ample literature on the water purification 
function of wetlands, and this is the rationale for constructed wetlands. 
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5. Biological linkages including food webs:  
We recommend further highlighting the role of biological connectivity between waters and wetlands in 
riparian/floodplain settings and receiving systems in the key findings and conclusions. In particular, we 
encourage highlighting that waters and wetlands in riparian/floodplain settings and receiving systems are 
intimately linked through biological connections (including integrated wetland-river food webs) across a 
range of spatial and temporal scales. The report should explicitly make linkages to downstream waters. 
For example: “Riparian wetlands can provide critical nursery habitat for fish, which then disperse into 
downstream waters, becoming part of river food webs and serving as a biological vector of nutrients, 
etc.” Lastly, there also may be an opportunity to mention the importance of waters and wetlands in 
riparian/floodplain settings for species that are economically important as well as those species that are 
state and/or federally listed as endangered, but this would have to be first developed in the body of the 
report.  
 
6. Export vs. exchange: 
We recommend using an “exchange” vs. “export” framework, i.e., reciprocal exchanges between waters 
and wetlands in riparian/floodplain settings and receiving waters. In this way, it is clear that 
bidirectional biological, chemical, and hydrological transfers characterize the connections between the 
two systems.  
 
7. Case studies:   
Many panel members found the case studies to be useful. Building on the Panel’s recommendations for 
Charge Question #4a, we suggest more explicitly linking the findings from these studies to the overall 
conclusions.  
 
8. Human impacts:  
In some cases, it may be that human alteration of connectivity most clearly demonstrates how the 
function of waters and wetlands in riparian/floodplain settings is linked to adjacent waters. Thus, the 
conclusions could be improved by explicitly mentioning how human activities (impairment as well as 
restoration) alter connectivity of waters and wetlands in riparian/floodplain settings with receiving 
systems. Mention should be made of alterations that both increase connectivity, such as ditches, and 
decrease connectivity, such as levees. Again, using the flood frequency-lateral connectivity argument, 
this might represent a strong opportunity to illustrate how diking, etc., has clearly diminished 
connectivity both in individual river segments and in aggregate (many floodplains along long stretch of 
rivers, if not entire rivers, may be affected by diking).  
 
9. Aggregate/cumulative effects: 
We recommend that the importance of considering waters and wetlands in riparian/floodplain settings in 
the aggregate should be underscored in the key findings and conclusions. For example, these sections 
could briefly illustrate how floodplain storage in the aggregate (e.g., floodplains in dozens to hundreds 
of individual channel reaches) yields a very positive ecological and service effect in flood attenuation. 
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Detailed Comments and Alternative Wording Suggestions: 
 



For 1.4.2 



Throughout. Use “waters and wetlands in riparian/floodplain settings”. 



1-9 line 9. After “and maturation habitat for stream insects” add, “and thus form integral components of 
river food webs” or other language that underscores food-web connectivity. 



1-9 line 15, bullet a. Delete first sentence.  Strive for consistency in terminology; i.e., suggest using 
“waters and wetlands in riparian/floodplain settings”. 



1-9 line 21, bullet a. Delete “some”. 



1-9 line 25, bullet b. Is “densely” needed? Suggest “variably”. 



1-9 line 35, bullet c.  Specify waters and wetlands in riparian/floodplain settings in lead sentence. 



1-9 line 35, bullet c. Suggest “storing and subsequently releasing” rather than “desynchronizing”. 



1-10 line 3, bullet d.  Lead with “Waters and wetlands in riparian/floodplain settings”. 



1-10 lines 5-6, bullet d. This example looks like an agricultural BMP and may not be appropriate.  
Suggest revisiting p 5-7 lines 24-35 for a more relevant example. 



1-10 line 7, bullet e.  Lead sentence emphasizes ecosystem function but body of paragraph describes 
biological connectivity. This might require a different lead sentence or an additional bullet on functional 
components/processes. 



1-10 line 23, bullet e. Suggest including the importance of waters and wetlands in riparian/floodplain 
settings to birds, and how birds can spatially integrate the watershed landscape.  



For conclusions elsewhere: 



Throughout. Use “waters and wetlands in riparian/floodplain settings”. 



5-37 top para, lines 6-17.  This is a strong paragraph and may be preferable to the opening paragraph of 
1.4.2.  At least try to get some of these points into the opening of 1.4.2. 



Table 5.3. Bullets use “riparian areas” and it would be preferable to call out “waters and wetlands in 
riparian/floodplain settings”. The second bullet appears to be bit overgeneralized, as there can be high 
variability in lateral flow and exchange along the drainage network (e.g., beads on a string). Also, if the 
text in this chapter on riparian areas is moved to the streams chapter and replaced with other material, 
further changes may be needed. 



6-1 lines 23-34.  This additional conclusion section is fine, but again check for consistency of terms.  
Also, sediments are identified as both a source and sink in the same paragraph. Most commonly they are 
a sink. It might be preferable to refer to sediment exchange influencing channel dynamics. 
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6-1 line 30.  Suggest connecting nursery habitat to healthy downstream populations. Also suggest 
reinforcing that waters and wetlands in riparian/floodplain settings are tightly coupled through food-web 
linkages. Role and importance of birds should also be mentioned.   

















From: Goodman, Iris
To: Armitage, Thomas
Subject: Response for Q. 3A and 3B (eom)
Date: Monday, February 24, 2014 4:59:42 PM
Attachments: Draft final response Question 3. A. and 3. B. Feb. 24..docx
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Chapter 3: Lotic Systems:  Ephemeral, Intermittent, and Perennial Streams








3.3.1





Question 3(a). Chapter 4 of the draft Report reviews the literature on the directional (downstream) connectivity and effects of ephemeral, intermittent, and perennial streams (including flow-through wetlands).  Please comment on whether the Report includes the most relevant published literature with respect to these types of streams.  Please also comment on whether the literature has been correctly summarized.  Please identify any published peer reviewed studies that should be added to the Report, any cited literature that is not relevant to the review objectives of the Report, and any corrections that may be needed in the characterization of the literature. 


 


The SAB is impressed with Chapter 4 and its excellent review of the peer reviewed literature that describes the connectivity of headwater streams to downstream waters. The SAB finds that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology.  





The SAB finds that the review was based on pertinent literature and the text is strongly grounded in current scientific understanding.  The following recommendations from the Board represent ways to improve the draft Report.  These comments are numbered for ease of discussion, but the numbering does not connote order of importance. In addition, the SAB also provides detailed comments and references to relevant literature as requested in the charge question. SAB . 





The SAB panel recommends that the Rreport be expanded to include further discussion of the following:








Improving the review of hydrologic exchange flows between main channels and off channel areas





1. Hydrologic exchange flows between main channels and off channel areas  


2. Naturally occurring chemical constituents other than nutrients (N, P) and contaminants


3. Multiple factors that influence stream temperature 


4. Biological connectivity 


5. Temporal dynamics of connections 


6. Human-modified headwater streams 


7. Headwater streams in aggregate/cumulative 


8. Nutrient and contaminant transformations  


9. Streamside vegetation (i.e., riparian zones or areas) 


10. Food web dynamics


11. Strength/degree of connectivity





The SAB panel members were universally impressed with Chapter 4 and its excellent review of the literature that describes the connectivity of headwater streams to downstream waters. The panel agreed that the report documents the current scientific understanding that there are numerous ways that headwater streams are connected to downstream ecosystems and that these connections are essential in promoting the physical, chemical, and biological integrity of downstream ecosystems. The connections between headwaters and downstream ecosystems are well established as a foundational concept in stream ecology.  





The Panel agreed that the review was based on pertinent literature and the text was strongly grounded in current scientific understanding.  The following recommendations represent ways to improve the document. We have numbered these comments for ease of discussion, but they are not numbered in order of importance. In addition to these general comments, detailed comments and referral to relevant literature are included in the preliminary comments from the panel. 





      1. Improve the review of hydrologic exchange flows between main channels and off channel areas.  The SAB recommends that Includethe discussion of exchanges between main channels and relatively slow moving subsurface waters and surface waters located at channel margins, in pools, and in recirculating eddies, be expanded to .  Iinclude a more complete discussion of the processes involved and give more attention to spatial and temporal variability.  This discussion should 


Iinclude a broader discussion of associated biogeochemical transformations that change the form and mobility of dissolved chemicals with effects on downstream water quality.  Expand tThe discussion should go beyond just nitrate removal to by includeing phosphorus removal and as well as examples of fate and transport of contaminants such as toxic metals and organic contaminants (see also point 2 below).  


Extend tThe text should also describe discussion to communicate how ssurface-subsurface water interactions affect stream temperature, and habitat for fish and other organisms, including when surface water contracts flows diminish but subsurface flow is present (see 3 below).  





Recommendations:


· The SAB recommends that the review of hydrologic exchange flows between main channels and off channel areas be expanded to include the topics summarized above.


· The SAB recommends that the following references (and others similar) be considered for inclusion in the For a broader discussion of hyporheic processes:  see for example:


Buffington, J. M., and D. Tonina (2009), Hyporheic exchange in mountain rivers II: Effects of channel morphology on mechanics, scales, and rates of exchange, Geography Compass, 3, doi:10.1111/j.1749-8198.2009.00225.x.


Karwan, D. L. and J. E. Saiers (2012). Hyporheic exchange and streambed filtration of suspended particles. Water Resour. Res., 48, W01519, doi: 10.1029/2011WR011173.


Poole, G. C., J. A. Stanford, S. W. Running, and C. A. Frissell (2006), Multiscale geomorphic drivers of groundwater flow paths: subsurface hydrologic dynamics and hyporheic habitat diversity, J. N. Am. Benthol. Soc., 25 (2), 288–303.


Sawyer, A.H., Cardenas, M.B., Buttles, J. (2011) Hyporheic exchange due to channel-spanning logs. Water Res. Resour., 47, W08502. 


Stonedahl, S.H., Harvey, J.W., Wörman, A., Salehin, M., and Packman, A.I. (2010), A multiscale model for integrating hyporheic exchange from ripples to meanders, Water Resour. Res., 46, W12539, doi:10.1029/2009WR008865.





Expanding the dDiscussion of naturally occurring chemical constituents other than nutrients (i.e., N, P) and contaminants and consideration of nutrients, contaminants, and contaminant transformation shcould be expanded. 





The SAB finds that the Rreport needs a more thorough thorough characterization of upslope (surface and subsurface) effects of geology, soils, and hydrology on overall water chemistry (e.g., conductivity, alkalinity, pH, major cations, etc) and the consequences of altering these upslope processes on downstream water chemistry and associated ecological responses.  


The role of nutrient spiraling as a demonstration of connections between headwaters and downstream ecosystems was covered in the Rreport, but more attention to the important transformations that affect mobility, toxicity, and time lags of storage or degree of removal that occurs and how it affects downstream loading of nutrients and contaminants would strengthen the report. In addition, . some additional The Report should also further discuss attention to sediment bound contaminants and their downstream movement and effects on downstream waters. should be discussed further. 





Recommendations:


· The SAB recommends that the Report be revised to include discussion of naturally occurring chemical constituents other than nutrients (i.e., N,P), contaminants, and to consider nutrients, contaminants, and contaminant transformation processes. 


· The SAB recommends that the following references (and others similar) be considered for inclusion in the discussion naturally occurring chemical constituents, contaminants and contaminant transformation processes. 








 See for example:


Baker, M. A., H. M. Valett, and C. N. Dahm (2000), Organic carbon supply and metabolism in a near-stream groundwater ecosystem, Ecology, 81, 3133-3148.





Bourg, A. C. M., and C. Bertin (1993), Biogeochemical processes during the infiltration of river water into an alluvial aquifer, Env. Sci. Technol., 27(4), 661-666.





Conant Jr., B., J. A. Cherry, and R. W. Gillham (2004), A PCE groundwater plume discharging to a river: influence of the streambed and near-river zone on contaminant distributions. J. Contam. Hydrol. 73(1-4), 249-279, doi:10.1016/j.jconhyd.2004.04.001.





Doyle, M. W., E. H. Stanley, and J. M. Harbor (2003), Hydrogeomorphic controls on phosphorus retention in streams, Water Resources Research, 39(6), 1147.





Ensign, S. H., M. F. Piehler, M. W. Doyle (2008), Riparian zone denitrification affects nitrogen flux through a tidal freshwater river. Biogeochemistry, 91, 133-150.





Fuller, C.C., and Harvey, J.W. (2000), Reactive uptake of trace metals in the hyporheic zone of a mining-contaminated stream, Pinal Creek, Arizona. Environmental Science and Technology, 34, 6 1150-1155.





Harvey, J.W., and C.C. Fuller (1998), Effect of enhanced manganese oxidation in the hyporheic zone on basin-scale geochemical mass balance, Water Resources Research, 34(4):623-636.





Harvey, J. W., J. K. Böhlke, M. A. Voytek, D. Scott, and C. R. Tobias (2013), Hyporheic zone denitrification: Controls on effective reaction depth and contribution to whole-stream mass balance, Water Resour. Res., 49, 6298-6316, doi:10.1002/wrcr.20492.





Hedin, L.O., von Fischer, J.C., Ostrom, N.E. Kennedy, B.P. Brown, M.G., Robertson, G.P.  (1998) Thermodynamic constraints on nitrogen transformations and other biogeochemical  processes at soil-stream interfaces. Ecology, 79(2), 684-703.





Kim, B. K. A., A. P. Jackman, and F. J. Triska (1992), Modeling biotic uptake by periphyton and transient hyporrheic storage of nitrate in a natural stream, Water Resour. Res., 28 (10), 2743–11 2752, 36. 





Kim, H., Hemond, H.F., Krumholz, L.R., and Cohen, B.A. (1995), In-situ biodegradation of toluene in a contaminated stream. Part 1. Field studies, Environmental Science and Technology, 14 29(1), 108-116, doi:10.1021/es00001a014.





Kimball, B. A., R. E. Broshears, K. E. Bencala, and D. M. McKnight (1994). Coupling of hydrologic transport and chemical-reactions in a stream affected by acid-mine drainage.  Environmental Science & Technology 28(12): 2065-2073.





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





Malcolm, A., Soulsby, C., Youngson, A.F., Hannah, D.M. (2005), Catchment-scale controls on groundwater-surface water interactions in the hyporheic zone: Implications for salmon embryo survival. River Res. Applic., 21, 977–989.





O’Connor, B.L., and Harvey, J.W. (2008), Scaling hyporheic exchange and its influence on biogeochemical reactions in aquatic ecosystems. Water Resources Research, 44, W12423, doi:10.1029/2008WR007160.








Expanding the discussion of A more thorough treatment of factors that influence stream temperature.


 is needed. 


The SAB finds that re is inadequate treatment of tthe role of upslope factors affecting the relative contributions of surface and shallow and deeper subsurface waters to channel flow should be expanded.  The Report should aAlso,  a more explicitly describe treatment of the effects of hyporheic flow and storage  and itsthe resulting lag and attenuation effects that buffer temperature extremes within streams. is needed.  The latter discussion of these latter subsurface hyporheic effects should include a comparison to direct groundwater discharge in terms of  their comparative its effects on stream temperature dynamics.  In addition, the treatment of the direct and indirect effects of upstream/upslope riparian shading, channel morphology, and channel network topology on stream temperature should be expanded.  Tis currently inadequate.  Finally, he SAB we suggests that the report be revised to expand its an expanded discussion of how environmental alterations in channels and upslope areas influence stream temperature dynamics.  The SAB further panel recommends that the report directly address the influence of stream temperature on downstream connectivity. 





Recommendations:


· The discussion of upslope factors that influence stream temperature should be expanded to include:  hyporheic flow and storage, including a comparison to groundwater effects on stream temperature; upstream/upslope riparian shading; channel morphology; channel network typology; and environmental / human alterations in upslope areas and channels. 


· The Report should explicitly discuss the influence of stream temperature on downstream connectivity.


· 








The SAB recommends that the following references (and others similar) be considered for inclusion in the discussion naturally occurring chemical constituents, contaminants and contaminant transformation processes. 


See for example:


Arrigoni, A. S., G. C. Poole, L. A. K. Mertes, S. J. O'Daniel, W. W. Woessner, and S. A.  Thomas (2008), Buffered, lagged, or cooled? Disentangling hyporheic influences on temperature cycles in stream channels, Water Resour. Res., 44, W09418, doi:10.1029/2007WR006480.





Hester, E.T., Doyle, M.W., Poole, G.C. (2009) The influence of in-stream structures on summer water temperatures via induced hyporheic exchange. Limnology and Oceanography, 54(1), 355-4 367.





Sawyer, A. H., M. Bayani Cardenas, and J. Buttles (2012), Hyporheic temperature dynamics and heat exchange near channel-spanning logs, Water Resour. Res., 48, W01529, doi:10.1029/2011WR011200.








Clarifying the The temporal dynamics  ofof flow-related aspects of connectivity. ons were addressed in the report, but could be expanded.  





The draft Report does not contain a succinct yet comprehensive paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and its effects on the transport of materials and sediment and on downstream water quality. The SABpanel finds agreed that this chapter would benefit from a separate section to remedy this.  Such a section should that more fully better characterize the addresses temporal dynamics of streamflow  (i.e., magnitude, frequency, duration, and timing) and its effects on downstream connectivity.  In particular, the section should note that it is the effect of flows that determines their importance to downstream connectivity. would be a welcome addition to this Chapter. For example , the panel agreed that connections that occur only during a short time of year are not necessarily unimportant. For example, tThe Rreport correctly describes how even though headwater streams can contribute a large fraction of the water in downstream ecosystems over an annual cycle, even though they are periodically dry.  Further, t, over an annual cycle they can contribute a large fraction of the water in downstream ecosystems; however, he SAB finds that the discussion of ecological consequences of flow connections provided by headwater streams should these connections could be expanded.  In the current draft, there is not a short, comprehensive, paragraph that explicitly examines the temporal dynamics of connectivity for headwater streams (connecting perennial, intermittent, and ephemeral channels with variable source areas) and its effects on material and sediment transport and effects on downstream water quality.  The SAB also finds that short-term flow connections can be important.  That is,  In addition, connectivity can be highly episodic, but this does not reduce its inherent importance to downstream ecosystems.  inherently. 





The SAB re is also recommends a need for more discussion and additional citations to the literature review on the importance of short duration floods and longer duration droughts and their effects on downstream ecosystems.  The SAB panel recommends ed that the report be revised to t adopt a more encompassing rexplicitly recognize tion of tthe important role of variable hydraulic residence times in river networks and its their effects on the storage and transformation of organic matter and nutrients in downstream waters.  In addition, the Report should include the role discussion of how of human alterations affect the s in altering the temporal dimensions of connectivity,  (e.g. via water withdrawal or augmentation.  ) should be considered in the report.  Overall, the SAB panel recommends suggested tightening the entire report to make it clear how intermittent and ephemeral streams are connected in space and time to downstream ecosystems. 





Recommendations


· The Report should include a new section that explicitly examines the temporal dynamics of connectivity for headwater streams (e.g., headwaters that connect perennial, intermittent, and ephemeral channels with their variable source areas) and its effects on the transport of materials and sediment and on downstream water quality.


· The new section should note that it is the effect of flows that determines their importance to downstream connectivity.


· The Report should be revised to explicitly recognize the important role of variable hydraulic residence times in river networks and its effects on the storage and transformation of organic matter and nutrients in downstream waters.


· The  Report should include discussion of how human alterations affect the temporal dimensions of connectivity, e.g. via water withdrawal or augmentation





· The SAB recommends that the following references (and others similar) be considered for inclusion in the Report to illustrate the ways in which intermittent and ephemeral streams are connected in space and time to downstream ecosystems and the effects of these connections.See for example:








Boano, F., R. Revelli, and L. Ridolfi (2013), Modeling hyporheic exchange with unsteady stream discharge and bedform dynamics, Water Resour. Res., 49, 4089–4099, doi:10.1002/wrcr.20322.





Constantz, J. (2008), Heat as a tracer to determine streambed water exchanges, Water Resour. Res., 44, W00D10, doi:10.1029/2008WR006996. 





Harvey, J. W., J. D. Drummond, R. L. Martin, L. E. McPhillips, A. I. Packman, D. J. Jerolmack, S. H. Stonedahl, A. Aubeneau, A. H. Sawyer, L. G. Larsen, and C. Tobias, 2012, Hydrogeomorphology of the hyporheic zone: Stream solute and fine particle interactions with a dynamic streambed.  Journal of Geophysical Research – Biogeosciences, Volume 117, G00N11, doi:10.1029/2012JG002043.





O'Connor, B. L., J. W. Harvey, and L. E. McPhillips (2012), Thresholds of flow-induced bed disturbances and their effects on stream metabolism in an agricultural river, Water Resour. Res., 48, W08504, doi:10.1029/2011WR011488. 








Strengthen Improve the review of biological connectivity and its effect on biological integrity.  


The SAB finds that the report should be revised to  to more thoroughly document demonstrate that movements of biota move throughout the lentic system (e.g., in upstream, lateral, and in downstream waters) in order to use critical habitats  in upstream and lateral habitatand that these movements s have strong and important effects on biological integrity. A more thorough treatment of biological connectivity would strengthen this chapter of the report.  Key points should include: 


a. Organisms require habitats that are dispersed throughout watersheds (i.e., their populations cannot persist without them), and many species move among these habitats during their life cycles.


b. Some species maintain populations in downstream receiving waters, but move upstream or laterally to use habitats that are dry seasonally and in some cases are dry several years in a row.  Thus, these intermittent or ephemeral habitats often can be critical to the biological integrity of downstream waters.


c. These mobile species range across many different taxa, even within fish, and include many more than those focused in the report, which are mainly salmon and other anadromous fish.  Many fish living solely in freshwater, and many other taxa including amphibians, reptiles, birds, mammals, and important invertebrates, require these habitats and move to access them.


d. When these upstream, lateral, and disconnected habitats are degraded or destroyed, data from comparative studies and experiments show that these animal populations decline or are extirpated entirely, showing that connectivity to these habitats is a key to the biological integrity of downstream waters.


e. Thus, ignoring these connections can create new threatened and endangered species, especially for highly imperiled vertebrate groups like amphibians, but also highly imperiled groups of invertebrates like mussels whose larvae are transported throughout watersheds by their fish hosts.





Recommendations:


· the report should be revised to more thoroughly document that biota move throughout the lentic system (e.g., in upstream, lateral, and  downstream waters) in order to use critical habitats and that these movements have strong and important effects on biological integrity, as detailed in points a – e, above. 





· The following references (and others similar) be considered for inclusion in the Report to illustrate … [Iris note:  Were there no suggested citations? – check Fausch’s individual comments, also Hawkins,] 











Human-modified headwater stream literature should be covered more extensively in the report.  The SAB finds A number of panel members that the draft Report raised the issue of the lacked of literature on human-modified headwater streams. TThe incluhis sion of this literature should be included in order to would provide information about the consequences of alterations to headwater  how altering these systemssystems on  have consequences for the water quality and biota of downstream ecosystems. Many headwater stream ecosystems are altered by human activity and these modifications often disrupt connectivity; the effects of such disruptions illustrate , which show the importance of headwaters to downstream areas in various landscapes. The SAB recommends that the For example, the ffollowing human alterations should be included in the review: agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees,  removal, ccattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams. Some of these alterations may reduce connections to downstream waters, but some alterations increase the frequency and magnitude of connections.  In addition, human- altered or even human- created streams may provide have significant ecological functions and these can  and as a consequences can havea effects on downstream waters.   In addition, a succinct a ddiscussion of the role of stream restoration and its effects on downstream waters would strengthen the report. 





Recommendations:


· The draft Report should be revised to include information about the consequences of alterations to headwater systems on water quality and biota of downstream ecosystems.


· These revisions should include discussion of the positive and negative effect of:   agricultural ditches and tile drains, urban lined channels and buried streams, removal of riparian trees, cattle grazing, gravel mining, channel diversions, low dams, grade control structures, stream restoration, and effluent dominated streams.


· 


· The following references (and others similar) be considered for inclusion in the Report to illustrate the effects of human alterations to headwater streams: See for example: 





Lautz, L., and R. Fanelli (2008), Seasonal biogeochemical hotspots in the streambed around restoration structures, Biogeochemistry, 91 (1), 85–104.





O’Connor, B.L., Hondzo, M., and Harvey, J.W. (2010), Predictive modeling of transient storage and nutrient uptake. Journal of Hydraulic Engineering 136(12)2010. ISSN 0733-9429/2010/12-1018–1032.











Highlight the role of aggregate and cumulative effects of headwater streams on in aggregate (i.e., cumulative) effects on downstream ecosystems in this chapter as well. The SAB panel recommends that a adding a section on aggregate and cumulative effects of headwater streams on downstream ecosystems be added to this chapter. that explicitly deals with this topic.   This new section should draw upon the There is a large  body of literature on cumulative watershed effects of land use,  based on both modeling and modeling and empirical studies.  In addition, the existing Furthermore, the section on watershed modeling should section could bbe improved by expanding the discussion to include results from models beyond the SPARROW model (SPAtially Referenced Regressions On Watershed attributes).  . For example, the work based on SPARROW modeling was covered in the report, but results from other modeling approaches were not. 








Recommendations:


· Add a new section on aggregate and cumulative effects of headwater streams on downstream ecosystems.


· Summarize the findings of the modeling and empirical studies on the cumulative effects land use on water quality. 


· Expand the modeling section to include results from additional models. 


· The following references (and others similar) be considered for inclusion in the Report to document the aggregate and cumulative effects to downstream connectivity:  


See for example:


Alexander, R. B., J. K. Böhlke, E. W. Boyer, M. B. David, J. W. Harvey, P. J. Mulholland, S. P. Seitzinger, C. R. Tobias, C. Tonitto, and W. M. Wollheim (2009), Dynamic modeling of  nitrogen losses in river networks unravels the coupled effects of hydrological and  biogeochemical processes, Biogeochemistry, 93, 91-116.





Böhlke, J. K., R. C. Antweiler, J. W. Harvey, A. E. Laursen, L. K. Smith, R. L. Smith, and M. A. 3 Voytek (2009), Multi-scale measurements and modeling of denitrification in streams with varying flow and nitrate concentration in the upper Mississippi River basin, USA,  Biogeochemistry, 93, 117-141, doi:10.1007/s10533-008-9282-8.





Helton, A. M., Poole, G. C., Meyer, J. L., Wollheim, W. M., Peterson, B. J., Mulholland P. J.,  Bernhardt, E. S., Stanford, J. A., Arango, C., Ashkenas, L. R., Cooper, L. W., Dodds, W. K.,  Gregory, S. V., Hall, R. O., Hamilton, S. K., Johnson, S. L., McDowell, W. H., Potter, J. D.,  Tank, J. L., Thomas, S. M., Valett, H. M., Webster, J. R., and Zeglin, L. (2011). Thinking outside the channel: modeling nitrogen cycling in networked river ecosystems. Front. Ecol.  Environ., 9 (4), 229-238, doi:10.1890/080211.








Expanding the discussion of The effects of the effects of streamside vegetation (i.e., riparian zones or areas) on stream ecosystems should be expanded in this report. The SAB notes that mMany  of the beneficial ecological effects of streamside vegetation of these effects are not exclusively necessarily associated with riparian wetland functions .  That is, non-wetland streamside vegetation can provide important functions to downstream connectivity, including (e.g., effects of leaf letter inputs to on downstream food resources, effects of woody debris on channel morphology, sediment and organic matter storage, hydrologic retention, and modulation of stream temperature, among others.  etc.). These beneficial effects occur along the entire longitudinal profile, but are especially important to  intense in headwater streams.  The SAB recommends that the draft Report be revised to expand the discussion of the effects of streamside vegetation (on stream ecosystems.





Recommendations: 


· The draft Report should be revised to expand the discussion of the effects of streamside vegetation (i.e., riparian zones or areas) on stream ecosystems.


· The following references (and others similar) be considered for inclusion in the Report to document the effects of streamside vegetation on stream ecosystems.[Iris note:  Were there no suggested citations?] 











Add discussion food-web connections from riparian zones to streams that support aquatic organisms.  The SAB recommends panel suggests that the addition of a section that treats thoroughly the importance of food-web connections from riparian zones to streams that support aquatic organisms. would strengthen the report.  Although thThe draft Rreport focuses on strictly aquatic connections, however, organisms that define the biological integrity of downstream waters are embedded in food webs, and these food webs transcend aquatic-terrestrial boundaries.  Key points that should be included in the new text are:


a. Streams receive leaves, wood, and other plant litter from riparian vegetation, and these supply carbon and nutrients to biota ranging from microbes to invertebrates, which in turn feed larger invertebrates, fish, amphibians, reptiles, birds, and mammals.


b. Streams also receive terrestrial invertebrates, which are used directly as prey by fish and amphibians, either in the same reach, or after flowing downstream from headwaters into reaches that support these predators.


c. As a result, these linkages are critical to maintaining the biological integrity of the Nation’s waters, and data from comparative studies and experiments support the generalization that cutting off these connections can cause emigration or extirpation of these organisms. 


d. Finally, food webs integrate aquatic and terrestrial landscapes and therefore provide a useful lens through which to view connectivity in aquatic ecosystems.





Recommendations: 


· The SAB recommends adding a section to the draft Report that thoroughly documents the importance of food-web connections from riparian zones to streams that support aquatic organisms; the sections should discuss the points itemized above.





· The following references (and others similar) be considered for inclusion in the Report to document the effects of streamside vegetation on stream ecosystems.[Iris note:  Were there no suggested citations?] 








Clarifying how case studies were selected.  The SABpanel recommends that text be added to the Rreport to that cclarify how ies the the case studies were selected. ion of the case studies presented.  In addition, a case study that focuses on human dominated systems should be added in order to include might be a logical place to add information about the effect role of human dominated systems on for downstream waters. For example, the Rio Grande case study on arid rivers  could be expanded as it provides excellent examples of human-modified systems and its description of human effects could be expanded.





Recommendations:


· The Report text should explain the rationale for selecting case studies. 


· The Report should include a case study that illustrates the downstream effects of human-modified systems, perhaps through revising the Rio Grande case study..








Clarifying the Report’s findings regarding the strength or degree of downstream connectivity.   The SAB recommends that panel suggested that tthe text be revised to clarify its finding regarding the here be additional attention to the strength or /degree of downstream connectivity.  At a minimum, tThis clarification is could be  should be addressed in this is chapter’s section on about headwater streams, but the topic shcould also be clarified addressed ththroughout the Rreport.  The SABpanel finds that agreedthe Report needs a more that a focused discussion of the relative strength/degree of connectivity for intermittent ,and  ephemeral streams and their , and variable source areas.  needs further discussion.  A way that tThis could be achieved through a might be approached is through the discussion of the frequency, duration, and magnitude of surface and subsurface connections.  ImportantlyIn particular, , it is known that subsurface flows connections often often persist after surface flows wane; further, these connections disappear.  This subsurface flows may provide an important connectivity functions on from an ephemeral streams to downstream waters.  In addition, as discussed above in point #4, even ephemeral streams and short duration surface water connections in source water areas and ephemeral streams may have substantial effects on the chemistry and biology of downstream waters. 





Recommendations:


· The SABpanel recommends that the degree/strength of downstream connections should be highlighted or discussed in each major subsection of this chapter of the report (e.g. for subsections on temperature, chemical, and biological connections, etc.).  





· The following references (and others similar) should be considered for inclusion in the Report to document the strength or degree of downstream connectivity of 


See for example: 





[bookmark: _GoBack]Larsen, L.G., J. Choi, M.K. Nungesser, and J.W. Harvey, 2012, Directional Connectivity in Hydrology and Ecology, Ecological Applications, doi: 10.1890/11-1948.1.








Charge Question 3(b).  Conclusion (1) in section 1.4.1 of the draft Report Executive Summary discusses major findings and conclusions from the literature referenced in Charge Question 3 (a) above.  Please comment on whether the conclusions and findings in section 1.41 are supported by the available science.  Please note alternative wordings for any conclusions and findings that are not fully supported. 





The draft Report provided strong scientific support for conclusion 1 concerning the connectivity of ephemeral, intermittent and perennial streams to downstream ecosystems and their role in retaining, transforming, and transporting materials. The SAB recommended only minor changes as described below. In addition, the SAB provided many positive comments that support the Report’s emphasis on the importance of considering cumulative impacts on downstream connectivity.  





The SAB recommends that the Report be revised so that the conclusions of this chapter are clearly related back to the foundational concept that connectivity is expressed in four dimensions, (i.e., three dimensional space, plus time) within the context of a catchment.  The SAB finds that the conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections. The text in Chapter section 4.6 , “Synthesis and Implications,” (p.4-35) could be improved by use of bullets to highlight its main findings.  This would underscore the key functions summarized in Table 4.1 which highlight five key stream functions and their effect on downstream waters:  sources, sinks, refuges, transformations, and lags. The SAB recommend adding connectivity itself as a function to Table 4.1, perhaps using biological connections as an example.  In addition, the Report’s key functions and linkages (five or six, including connectivity?) should be reiterated succinctly[footnoteRef:1] and consistently across the relevant Report chapters.  These are sections 4.6,  “Streams: Synthesis and Implications” (p. 4-35);  section 1.4.1, “Key Findings” (p.1-7), and Section 6.1 “Major Conclusions,” (p. 6-1).  At present, these summaries vary in content, length, and citations and these inconsistencies obscure the Report’s conclusions.  [1:  i.e., the summary should not include reference to literature already cited in the Report.] 






Recommendations:


· The conclusions of this chapter should be clearly related to the foundational concept that connectivity is expressed in four dimensions, (i.e., three dimensional space, plus time) within the context of a catchment.  


· The conclusions should emphasize not only hydrologic linkages, but also include biogeochemical transformations and diverse biological connections.


· Use bullet points to highlight main findings in the text on “Synthesis and Implications.” 


· Add “connectivity” as a function to Table 4.1; biological connections would be a good example. 


· Succinctly and consistently summarize the Report’s key functions and linkages across all the relevant Report chapters.





3.X.X.X.  Alternative wordings recommended by the SAB:  The SAB recommends that the wording of several conclusions be revised to reflect the following issue areas and concepts, numbered below for ease of presentation.  Each of these topics and concepts are further explained in the text. 








 Connectivity, Boundaries and Linkages:


The SAB finds that statements in the Report that conclude unequivocal demonstration of connectivity of streams should instead be stated in quantitative terms wherever possible.  For example: “of X studies, X% support the conclusion of connectivity”. 





The SAB also recommends that the text of the Report be revised to describe system boundaries, e.g., transitions between uplands and headwaters and better definition of the boundaries of a stream.  The report should also better define and emphasize key linkages and exchanges that affect connectivity, such as groundwater-surface water interactions, flooding or other episodic events, the influence of riparian zones and how these linkages influence biota and food webs and vice versa. For example, the first sentence in Section 4.6, “Streams: Synthesis and Implications,” should be revised to “A substantial body of evidence unequivocally demonstrates connectivity above and below ground.”  The conclusions should also reiterate how these linkages and exchanges influence physical, chemical, and biological connectivity with downstream systems.  





The SAB finds that connectivity linkages that occur during flooding are not well-represented in conclusions.  In addition, the SAB recommends that text be added to explain how hydrologic connectivity sustains aquifers using alluvial systems in the southwest and karst systems in the eastern US as examples. 





Ephemeral Streams:


The draft Report concludes that existing evidence supports a sufficient link between ephemeral streams with downstream systems.  The SAB finds that these conclusions could be strengthened in three ways: 1) adding text that describes spatial and temporal variations in linkages of ephemeral streams with downstream waters, 2) summarizing existing evidence of the frequency of these connections, and 3) identifying where further research needed.  For example, the draft Report currently emphasizes the important role of variable source areas (e.g., swales) to downstream connectivity; the SAB finds that this role should be reiterated in the conclusions.  The SAB also finds that the conclusions should emphasize that dynamic groundwater-surface water connections not only maintain the ecological integrity of ephemeral streams, but also connects them structurally and functionally to downstream waters, whether or not water the upstream channels are perennial.  Finally, the SAB finds that the conclusions for ephemeral streams should also be strengthened by clarifying how and when ephemeral headwaters provide critical habitat and corridors for biota to move among their habitats. 





 Chemical connectivity and nutrients:


The SAB finds that the draft Report summary of chemical functions should be strengthened by including details about how headwater streams influence sediment-bound nutrients, dissolved organic matter (DOM), and contaminants; the draft text now focuses primarily on nitrogen, with detailed examples provided only for nitrate. 





The SAB also finds that the chapter is currently too focused on headwaters as hotspots for uptake and transformation of nitrogen; more breadth across solutes should be added. The text should also be revised to include nutrient removal processes in its discussion on the importance of nutrient spiraling, because both processes are important (e.g., the text should explain the role of denitrification processes in removing nutrients from streams).





Treatment of uncertainty: 


The SAB recommends that the authors consider summarizing and displaying the report’s conclusions in matrix form.  A well designed matrix could have several advantages. It would better communicate the evidence underlying each conclusion, the uncertainty for a given conclusion across different functions (i.e., source, sink, refuge, lag, and transformation), and the confidence in conclusions across different system types (e.g., streams, wetlands).  The SAB also recommends including a brief characterization of the temporal or spatial scale over which a given function or phenomena occurs, and its size, intensity and effect.  Use of graphical methods to convey the level of confidence in the Report’s conclusions (e.g., similar to IPCC reports) would 





also help to better communicate findings.  For example, conclusions drawn at broad regional scales could have a high level of certainty and conclusions drawn at for an individual site at a local scale, could have lower certainty.  





Case studies and context:  


The SAB found it difficult to understand how the Report’s case studies were intended to serve the broader discussion of streams in Chapter 4. The SAB recommends that the Report be revised to clarify the intended use of the case studies, whether as examples of common situations or examples of unusual extremes.  


For example, in the case study on prairie streams, the key point was how human alterations affect connectivity. 


 The SAB also found that some case study conclusions appeared overreaching (e.g., the arid streams example) and were not presented within the context of geographic differences (e.g., flow in arid streams in urban environments can be dominated by waste treatment effluent, such as for Rio Grande River at Albuquerque, NM).  Thus, real-world management scenarios can contrast greatly with the situations described in the case study for arid streams. 





The SAB recommends an alternative framework for the case studies, in which hydrology is a unifying theme.  For example, stream flow is a function of runoff, which is in turn a function of weather and underlying geology, all of which varies regionally.  For the summary conclusions, the SAB recommends the authors consider distinguishing flow-, geology- and weather-dependent conclusions from broader general conclusions.  The SAB finds that the case studies conclusions could be improved by being explicit about  how human activities alter (both increase and decrease) above and below ground connectivity of streams with downstream waters, ideally through the use of specific examples (e.g., perhaps using the Report’s existing case studies).  Finally, 


each case study has its own unique bulleted list of conclusions, which made it difficult to draw conclusion across the case studies or to relate individual case studies to the Report’s general conclusions.  





 Consistent statement of conclusions throughout text: 


The SAB finds that it is essential that the Report’s descriptions of functions and linkages be consistently and succinctly stated in Section 4.6. “Streams: Synthesis and Implications,” (p. 4-35 and 4-36), Section 1.4.
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